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In SLEEP THERAPY IN THE 
NEUROSES, the author presents 
the results of clinical and experi- 
mental research performed since 
1946 at the Pavlov Clinic for 
Nervous Diseases. (Pavlov's con- 
cept of protective inhibition was 
based on his conviction that sleep 
often permits restitution of func- 
tion when the Central Nervous 
System has been exhausted by 
stress.) In an attempt to produce 
sleep without toxic manifestations, 
the Soviet researchers used hypno- 
sis, suggestion, and certain phys- 
ical hypnogenic stimuli, which 
helped keep the dosage of sedative 
drugs to a minimum. Actography 
was employed to measure the dura- 
tion of therapeutic sleep, making 
it possible to record the transi- 
tion from waking to sleep and vice 
versa, and to evaluate the efficacy 
of various measures in prolonging 
sleep. In a proportion of patients 
the higher nervous activity was 
investigated by experimental meth- 
ods, which served as a valuable 
supplement to the clinical observa- 
tions. 
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Published data concerning the importance of the 
innervation of the thyroid gland for its function are con- 
tradictory. Recently, however, more and more investiga- 
tors have come to the conclusion that the efferent nerves 
to the thyroid gland are vasomotor, and have no direct 
secretory function [3, 4, 5]. 

In view of these data, we were interested in find- 
ing out how the thyroid gland, when it is deprived of its 
nervous connections, functions under conditions of so- 
called emotional excitation. 

Our premise was that if the nervous component in 
the transmission of cortical impulses to the periphery is 
of substantial physiological significance, the secretory 
activity of the denervated gland under these conditions 
ought to differ radically from the normal. 


EXPERIMENTAL METHODS 


Eight dogs with denervated thyroids were used in 
these experiments, The controls were three unoperated 
animals, The thyroid glands were denervated in the 
standard way. All the nerve branches from the superior 
laryngeal nerve, the superior cervical ganglion, and the 
recurrent nerve to the thyroid gland were excised over 
a length of 1-2 cm, The blood vessels supplying the 
thyroid were carefully painted (until they turned white) 
with 5% phenol, Experiments were performed on these 
animals 1-4 weeks after the operation. The level of 
radioiodine (I'™’) in the thyroid was taken as the indica- 
tor of its functional state. We shall not describe in de- 
tail the method used for determing radioiodine in the 
thyroid gland in the whole animal while the latter is 
working in the conditioned reflex chamber, since we 
have set forth this method in earlier publications [1, 2]. 

The functional state of the central nervous system 
was altered by the presentation of conditioned defense 
stimuli, Conditioned reflexes were developed to the 
sound of a metronome at 120 beats per minute. The un- 
conditioned stimulus was an electrical current from an 
inductorium, The conditioned stimulus was given at 


five-minute intervals, ten times in each experimental 
session, The conditioned stimulus was applied alone 

for 20 sec each time. P*4, 0.7 wC/ kg, was given by 
mouth, with milk, The experiments were performed 72 
hr after the administration of I", Thyroid gland radio- 
activity was determined after each conditioned stimulus 
and for four hours after the last conditioned stimulus was 
applied. 


EXPERIMENTAL RESULTS 


The reactions of normal and denervated thyroid 
glands to conditioned defense stimuli were studied. The 


experiments showed that these stimuli elicit the release 
of hormones from both innervated and denervated thy- 
roids. As may be seen from the data shown in Table 1, 
in all the experiments we found a sizable drop in the 

1'*! level in the denervated thyroid gland. These experi- 
ments give evidence that thyroid glands deprived of their 
nervous connections lose none of their capacity to react 


to impulses originating in the central nervous system, It 
can not be said, however, that the reactions of denervated 
glands are in no way different from those of normal glands. 
We noted several characteristic features in the reactions 

of glands deprived of their innervation. 

First, the reactions of denervated glands were of 
greater amplitude than those of intact glands, As is ap- 
parent from the figure, denervated thyroids reacted to 
defense-conditioned stimuli with a marked reduction in 
the level of radioactivity. At the same time, these re- 
actions were distinguished by their low mobility, in that 
they displayed very slight variations in the level of ra- 
dioactivity during the course of an experiment. 

Secondly, the reactions of denervated thyroids 
lasted longer than those of normal glands, It was observed 
that the level of radioactivity of the denervated gland, 
after a 44,4% reduction at the outset of an experiment, 
thereupon remains constant throughout the entire experi- 
ment (4-5 hr), showing only slight variations in one di- 
rection or another. The reactions of normal thyroids 
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were different; as a rule, their radioactivity level ap- 
proached the normal physiological range by 1-2 hr after 
the end of conditioned stimulation, and only occasionally 
remained low for longer periods. Thus the experiments 
showed that the reactions of denervated glands differ 
from normal in having greater amplitudes and less la- 
bility. 

With regard to the mechanism of this phenomenon, 
it should be observed that with the setup used in these 
experiments the question is complicated by the presence 
of the vasomotor innervation of the thyroid, Since there 
unquestionably exists an intimate relation between the 
gland’s blood supply and its secretory activity, the change 
in the diameter of its vessels and the counsequent fil- 
ling withblood after denervation of the gland must nat- 
urally affect the secretion process, And if we try to 
understand what it is in the reaction of the denervated 
gland that depends on the damage to the vasomotor fi- 
bers, it seems to us that,first and foremost, the inertness 
and extreme duration of the reaction must be attributed 
to this cause. 


It is known that vasomotor reactions are especially 
pronounced in emotional excitation, and can not be with- 
out effect on organ activity. And in this case we may 
assume that the monotonous and drawn-out character of 
reactions observed after denervation is to be understood 
from this standpoint. 


In the experiments on intact animals we often 
observed large variations in the level of radioactivity 
of the gland; we saw that during the course of an ex- 
periment the radioactivity of the gland first fell, then 
returned to the original level, This is well shown in the 
experiments of September 9, 11, 16, and 22, all of which 


are presented in Table 2, It is not impossible that these 
variations in thyroid activity during the defense reaction 
reflect the participation of vasomotor fibers, It is no 
coincidence that after denervation of the gland these 
variations almost completely disappeared, 

The reactions of denervated glands, as we have 
indicated above, were more marked than those of in- 
tact glands, We felt that the cause of this phenomenon 
lies in the sensitization of denervated thyroid cells to 
epinephrine, 

If this hypothesis is correct, then a reduction of 
the blood epinephrine concentration should cause a 
weakening of the reaction of denervated thyroids. 

In order to limit the entrance of epinephrine into 
the blood, after denervating the thyroids we performed 
a second operation in which we completely removed the 
adrenal gland on one side and excised portions 1-2 cm 
long of the large and small splanchnic nerves, to elim- 
inate reflex secretion of epinephrine, 

As may be seen from the figure, under the influ- 
ence of the conditioned defense stimuli the thyroid 
glands of these animals secrete less actively into the 
blood than do the glarids of animals after the first opera - 
tion. The figure shows that the maximum change in the 
radioactivity of the thyroid gland after the first operation 
is - 47.2%, and in dogs after both operations it is only 
-18%. This fact confirms our hypothesis that the 
reaction of denervated thyroids seen in these experiments 
is the result of sensitization of the gland cells to epine- 
phrine. 

Our experiments showed that the efferent nerves 
to the thyroid gland ensure the completest possible ad- 
aptation of the gland to altered environmental condi - 
tions. 
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Figure, The effect of conditioned defense activity on radioiodine 


content in dog thyroid. 


normal; 


~--- after denervation on the 


thyroid gland and one adrenal, and extirpation of the other adrenal; 


“+--+ after denervation of the thyroid gland. 





SUMMARY 


The author studied the reaction of the denervated 
thyroid gland to conditioned defense stimuli. The func- 
tional state of the gland was determined from changes 
in its content of radioactive iodine (1""4). Experiments 
on dogs with denervated thyroids showed that after de- 
ner vation cortical influences still reach the thyroid 
gland. But the reaction of the denervated thyroid is 
different from that of the normal thyroid: it is more 
pronounced and more prolonged than normal. 

Dogs subjected to a second operation-removal of 
one adrenal gland and denervation of the other-reacted 
in a manner suggesting that the response of denervated 
thyroids is duc to sensitization of the gland cells to 
epinephrine, as well as to denervation of the blood ves- 
sels of the thyroid. 
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The problem of the relationships between local and 
systemic changes in circulation can properly be consid- 
ered one of the central problems in the physiology and 
pathology of the cardiovascular system, 

Present-day physiology has collected an enormous 
amount of information concerning the characteristics 
of the reflex mechanisms that ensure adjustment of the 
cardiovascular system to the constantly changing condi- 
tions of the organism's activity. But it often has not 
been taken into account that the systemic hemodynamic 
indices are the net result of extremely diverse local cir- 
culatory changes. This state of affairs has been discussed 
repeatedly by clinicians, 

It is therefore not difficult to understand the inter- 
est aroused by the problem of the relationship between 
the systemic and the regional circulation. 

The existence of various interrelations between the 
systemic and local changes in circulation has already 
been considered in the work of V. N, Chernigovskii [15], 
M. E. Marshak (3, 4], V. M Khayutin [11, 12, 13), T. S. 
Lagutina[1,2], V.L. Tsaturov[14,] and N.K. Saradzhev[5]. 

V. N. Chernigovskii and V. M. Khayutin developed 
the conception that individual vascular regions are re- 
presented in the vasomotor center. It is their view that 
the preferential excitation or inhibition of individual 
groups of neurons connected with one vascular bed or 
another may arise as a result of activity of part of the 
vasomotor center. 

In elucidating the mechanisms of the systemic and 
local circulation it is essential, in our opinion, to make 
a simultaneous comparison of the reactions of several 
regional vasculatures with the changes in systemic blood 
pressure, and under a variety of conditions of stimula- 
tion of various receptor zones. There is no need for 
special proof that relationships between the systemic 
and local circulation can be established by studying the 
vascular reactions of organs with different functional 
significance, 


METHODS 


The experiments were performed on cats and rab- 
bits under urethan (cats) and chloral hydrate (rabbits) 


anesthesia. Changes in systemic blood pressure and 
respiration were recorded simultaneously, as well as 
the activity of the ear vessels and those of the kidney 
and hindlimb. The systemic blood pressure was record- 
ed from the carotid artery with mercury and spring-type 
manometers, and respiration with a tracheotomy tube 
connected to a Marey tambour. The activity of the 
vessels of the ear, kidney, and hindlimb was studied by 
the method of perfusion with Ringer-Locke solution to 
which N, G,. Belen’ kii's therapeutic serum was added in 
a 4:1 dilution to reduce edema formation. 

The perfusion fluid entered the vessels of the organ 
under constant pressure (80 cm of water) and at constant 
temperature through a cannula inserted into the corre- 
sponding artery (the large auricular, renal, and femoral 
arteries, respectively), and left through a cannula from 
the corresponding vein. 

The reaction of the vessels was given by the num- 
ber of drops leaving by way of the vein; as they fell, the 
drops closed the contacts of a circuit containing a stor- 
age battery, a polarizing relay, and an electrical marker. 

We studied the changes in the systemic and local 
circulation accompanying stimulation of receptors of 
the carotid sinus and the upper respiratory tracts and the 
tibial and aortic nerves, and also those accompanying 
transient asphyxia. 


RESULTS 


The data obtained testify to the extreme diversity 
of the relationships in the changes of local and system- 
ic vascular tone under reflex influences on the cardio- 
vascular system. To put it differently, one type of 
change in the systemic blood pressure may result at dif- 
ferent times from entirely different distributions of lo- 
cal vascular reactions. But one general rule emerges 
in the whole diversity of regional changes: there is co- 
ordination between the reactions of different vascular 
beds, directed toward the restoration of the original 
level of systemic blood pressure. 


* Deceased 





Application of stimuli of different intensities and 
durations to receptor fields and nerves allows us to 
demonstrate certain stages in the relationships between 
local and systemic hemodynamic changes. 

In a number of experiments, stimulation of the 
tibial or depressor nerves with a current of subthreshold 
intensity did not result in changes in the systemic blood 
pressure, but the tone of individual vascular beds did 
change. 

Even more diverse relationships were found be- 
tween local reactions accompanying marked changes 
in the systemic blood pressure. We sometimes observed 
simultaneous constriction and dilatation of the vessels 
of different regions, while in other experiments the 
changes were just the opposite. So, for example, on 
stimulation of the depressor nerve the reduction in 
systemic arterial pressure was sometimes accompanied 
by constriction of the ear vessels and dilatation of the 
vessels of the hindlimb. On the other hand, some vas- 
cular beds (the renal vessels) did not react to stimula- 
tion of the depressor nerve. 


The reactions of local vascular beds did not always 
remain constant, even in response to stimulation of the 


Fig. 1. Changes in systemic blood pressure and 
tone of vessels of hindlimb and ear in rabbit upon 
stimulation of upper respiratory tracts with ammo- 
nia fumes, Meaning of curves (from top): outflow 
from vessels of hindlimb and ear, in drops; record- 
ing of arterial pressure with membrane manome- 
ter and with mercury manometer; zero line for 
mercury Manometer; pneumogram; time marker 
(5 sec), Arrows point to beginning and end of 
stimulation, 
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same receptor field. Thus, following stimulation of the 
tibial nerve we were able to observe constriction of the 
renal vessels and dilatation of the vessels of the ear or 
hindlimb; but in other experiments we found the oppo- 
site effect. In a large fraction of the experiments, par- 
ticularly following the application of intense stimuli, 
we observed a uniform type of change in vascular tone. 
These experiments confirm the conclusion, drawn by V. 
M. Khayutin, that there are different connections be- 
tween different receptor fields and vascular beds. Com- 
parison of the reactions of the vessels of different beds 
shows that following stimulation of the upper respiratory 
tracts (inhaling ammonia vapors) and the tibial nerve 
(induction current), the vessels of the ear and hindlimb 
are particularly reactive (Fig. 1). In response to stimula- 
tion of the carotid sinus receptors (clamping the carotid 
artery) the greatest changes occur in the renal vessels, 
and the tone of the ear vessels and those of the hindlimb 
remains almost unchanged. 

The reactions of individual vascular beds display 
specific differences, Thus, the reaction of the vessels 
of the hindlimb to stimulation of various receptor fields 
is marked by a distinct diphasic character. It is well 
known that stimulation of the tibial nerve is followed by 
a pressor reaction, But at the beginning of stimulation 
the hindlimb vessels dilate, as shown by a brief increase 
in the outflow rate, and then a pronounced vasoconstric- 
tion ensues, 

This sort of diphasic behavior was not observed in 
the ear vessels, but here the latent period of the reac- 
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Fig. 2, Changes in systemic arterial pressure 
and tone of vessels of hindlimb and ear in the 
rabbit, following stimulation of the tibial 
nerve, Explanation: abscissa is time (in sec- 
onds); ordinate is magnitude of systemic blood 
pressure (in mm Hg) and number of drops; solid 
line-changes in systemic arterial pressure; dots 
and dashes-number of drops flowing out of hind- 
limb; dotted line-number of drops flowing out 
of ear vessels. 





tion was longer; thus, during the dilatation of the hind- 
limb vessels the ear vessels did not react (Fig. 2), In 
mild reactions of the systemic arterial pressure, one can 
see the variations in the tone of vessels in individual 
organs, 

It is common knowledge that when the application 
of a stimulus is prolonged the reflexes to the cardio- 
vascular system become weakened-this is known as ad- 
aptation of reflex reactions (V. N. Chernigovskii and V. 
M. Khayutin (16), V. M. Khayutin (10), and V. V. 
Frol’kis (6, 8, 9]). Study of the changes in local vascu- 
lar reactions in the course of adaptation enables us to 
approach one of the components of the mechanism of 
adaptation. 

Adaptation of reflexes proceeds differently for dif- 
ferent vascular beds, 

Moreover, the vascular reactions of individual or - 
gans frequently return to normal before the arterial 
blood pressure returns to its original level, Restoration 


Fig. 3. Changes in systemic arterial pressure and 
tone of hindlimb and ear vessels in the rabbit dur- 
ing prolonged stimulation of tibial nerve. Mean- 
ing of curves (from top)¢ number of drops leaving 
hindlimb vessels; number leaving ear vessels; stim - 
ulus marker; systemic arterial pressure recorded 
with membrane manometer; same, recorded with 
mercury manometer; zero line for mercury mano- 
meter; pneumogram; time marker (5 sec). 


of the original level of arterial blood pressure during 
adaptation of reflexes may occur as a result of compen- 
satory reactions of individual vascular beds. In Fig. 3 
an experiment is presented in which "adaptation" of a 
reflex was observed during prolonged stimulation of the 
tibial nerve. In response to stimulation, the vessels of 
the ear and hindlimb constricted, but while the back- 
ground of systemic hypertension continued we observed 
a marked dilatation of the ear vessels: the number of 
drops leaving the ear per unit time increased sharply. 
This dilatation occurred at a time when the vessels of 
the hindlimb were still constricted, 

Comparison of the reactions of the systemic and 
local circulation discloses the extreme diversity and 
complexity of the changes in the tone of different vas- 
cular beds during displacements of the same type in the 
magnitude of the systemic blood pressure, While the 
level of arterial pressure remains constant we may ob- 
serve variations in vessel diameters in only one vascular 
bed, or opposing shifts-constriction and dilatation -in 
the reactions of several vascular beds; and we may see 
numerous variations on the change in regional blood 
flow while systemic blood pressure rises or falls, The 
complex relationships of the reactions of individual 
vascular beds are an important compensatory mecha- 
nism directed toward the maintenance of a constant 
level of hemodynamics, 

The reflex changes described above in the blood 
flow in individual vascular beds confirm the thesis of 
V. N. Chernigovskii [15] and V. M. Khayutin [12] con- 
cerning fractional activity of the vasomotor center, 
The power of the central mechanisms that regulate the 
circulation becomes even more evident when we con- 
sider the connection of the vascular reactions with 
changes in the activity of the heart. 

At the present time there is reason to consider the 
whole complex system of central regulation of the 
circulation as a unit. From this standpoint, a useful 
view is the view developed by one of us [7] of the 
hemodynamic center as the complex aggregate of neu- 
rons involved in the central regulation of the heart and 
vessels, 

Its activity ensures the diverse changes in the re- 
gional circulation, as well as the complete regulation 
of the cardiovascular system, The concept of the com- 
plex dynamics of nervous processes in the hemodynamic 
center explains the unity ofsystemic and local changes 
in blood flow, and shows their connection with changes 
in cardiac activity. 

We can interpret the adaptation of cardiovascular 
reflexes from the samestandpoint, The observed dif- 
ferences in recovery of the tone of various vascular 
beds, and the development of reactions of opposite 
character, both confirm the conclusion that inhibition 
of various degrees and depths develops in the individ- 
ual parts of the hemodynamic center during adaptation 
of reflexes. The adaptation of cardiovascular reflexes 


991 





may be brought about in some cases predominantly 
through widespread irradiation of inhibition in the hemo- 
dynamic center, and in others, through deepening of in- 
hibition in various groups of central neurons. 


SUMMARY 


The authors studied the changes in the systemic 
blood pressure and the tone of blood vessels of the ear, 
kidney, and hindlimb in rabbits and cats, It was shown 
that a given type of change in the systemic blood pres- 
sure may be caused by different interrelationships be- 
tween the vascular reactions of the organs, During ad- 
aptation of cardiovascular reflexes, the tone of differ- 
ent vascular beds varied differently. 
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Periodic "hunger" contractions were first studied in 
detail by V. N. Boldyrev (1), along with the periodic 
secretion and motor activity of other parts of the ali- 
mentary tract, According to Boldyrev, periodic activity 
of the stomach is absent during digestion. Other condi- 
tions that stop periodic function of the stomach are sham 
and natural feeding, and acid gastric secretion. 

If food enters the stomach without passing through 
the oral cavity, i.e., through a gastric fistula, the “hun- 
ger® contractions do not disappear. Moreover, milk, 
fluid egg albumin, or neutral fat poured into the stomach 
passes into the intestine in large amounts, On the other 
hand, these fluids are retained in the stomach for half 
an hour or so if they are introduced into it in the absence 
o' “hunger*contractions [11]. Although the absence of 
periodic gastric activity during digestion has since been 
confirmed by many authors (8, 10, 12], this question 
still can not be regarded as conclusively settled, First, 
coordinated periodic activity of various parts of the ali- 
mentary tract was observed by V. N. Boldyrev even while 
food was present in the intestine, Investigators who have 
studied the periodic motor activity of the stomach have 
often had to remove a large amount of food from the 
stomach before an experiment, after which they could 
immediately record typical periodic contractions, These 
doubtless occur in the presence of a food mass in small 
intestine, i.e., under conditions of intensive absorption 
of food substances into the blood, For that reason, it is 
essentially incorrect to call periodic gastric contractions 
“hunger* movements, Secondly, several authors have 
observed periodic stomach contractions while food resi- 
dues were present in the stomach cavity, i.e., at the end 
of gastric digestion (1, 6, 12]. Third, there are some in- 
dications that there is no perceptible difference between 
*hunger” movements and the digestive motor activity of 
the stomach [9]. In addition, some investigators [2, 5] 
have seen periodic release of bile from the gall bladder 
during gastric digestion. Up to two gall-bladder contrac - 
tions in a 6-hour digestive period were observed in man. 
In dogs with fistulae of the bile duct it has been found 
that during the digestive process 2-4 gall-bladder con- 
tractions occur after giving milk or meat. The duration 


of contractions averages 40-80 min, and the duration of 
the intervals between contractions, when only liver bile 
is secreted, is 10-80 min, In studying the periodic mo- 
tor activity of the stomach in dogs after chronic loss of 
bile, we also observed bile secretion of a periodic charac- 
ter both during digestion and on an empty stomach [7]. 

In these experiments we noted that when bile is elimina- 
ted from the digestive process over long periods of time, 
the weakening and disordering of the periodic motor ac- 
tivity of the stomach that results is paralleled by a weak- 
ening of the emptying function of the stomach, In this 
connection it is of particular interest to compare Pavlov's 
conclusion as to the emptying, “throwing-out" character 
of the movements of the gall bladder, which at that time 
had not yet been described as periodic [4]. 

The present paper is a report on experiments con- 
cerned with periodic motor activity of the stomach dur- 
ing digestion, The experiments fall into three series: 

1) period motor activity of the stomach after removal 
of chyme through a gastric fistula and rinsing the stom- 
ach with warm water; 2) periodic motor actitivy of the 
stomach with food residues present in it; 3) periodic mo- 
tor activity of the stomach when the dog was fed mixed 
food during the experiment. 


METHODS 


We conducted 46 experiments on six full-grown dogs 
in which the motor activity of the stomach was recorded 
for 8-20 hr or more. For these experiments we used the 
following dogs: Marta (with a fistula at the boundry be- 
tween the pyloric and fundic portions of the stomach and 
a gall-bladder fistula with ligation of the common bile 
duct); Sil’ va (having a fistula in the gastric fundus; re- 
section of the pyloric segment with retention of the 
pyloric sphincter and an end-to-end anastomosis between 
the fundic and remaining pyloric parts of the stomach); 
Khitryi (fistula in the gastric fundus, resection of the 
whole pyloric segment, posterior gastroenteroanastomosis, 
and gall- bladder fistula with ligated common bile duct); 
German (fistula at the gastric fundus, and an isolated 
Pavlov pouch); and Belka and Dzhul"ba (fistula at the 
boundary between the pyloric and fundic portions of the 
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stomach), The dogs were kept on a constant mixed diet; 
bread, meat, and oatmeal, The food was given once a 
day, usually at noon, In the case of some of the dogs, 
part of the bread and oatmeal was found to be still in 
the feeding tray on the following day. 

The dogs looked healthy, and their weight remained 
the same throughout the period of these experiments. 
The gastric contractions were recorded with the aid of a 
rubber balloon with a volume of 15-20 ml, connected to 
a Marey tambour by rubber tubing filled with water and 
air. The contractions were recorded on kymographs with 
special clock mechanisms to rotate the drums at a per- 
fectly uniform rate. Two kymographs were used: one 
made a complete revolution of the drum in six hours, 
and the other in eight hours, It was not difficult to re- 
move the food from the stomach, on account of the wide 
lumen of the fistula (2 cm diameter). The stomach was 
rinsed for 4-7 min with water warmed to 38°, The pres 


ence of food in the stomach during the experiment and 
the ejecting character of the gastric contractions were 


estimated from the expulsion of chyme througha hole in 


the stopper placed in the fistula. From time to time 
the stopper was removed from the fistula and the pres- 
ence of food in the stomach was checked. In those ex- 
periments that ended with food still in the stomach, the 
chyme was removed through the fistula and weighed. 
rhe length of the experiments enabled us to compare 
the motor function of the empty stomach with its motor 
activity during digestion, 


RESULTS 


Removing food from the stomach and rinsing it with 
water causes the tone of the gastric musculature to be 
elevated for 1-2 hr. But the periodic activity of the 
stomach in this case is not noticeably different from the 
typical periodic motor activity that occurs when all food 
passes into the intestine. Since various amounts of half- 
digested food (from 100 to 800 g) were removed from 
the stomach in these experiments, there is reason to 
suppose that clear-cut periodic motor activity of the 
stomach was occurring in the presence of active intesti- 
nal digestion, 


Fig. 1. 


In experiments where the stomach was not rinsed, 
100-400 g of chyme was pushed out through the opening 
in the fistula stopped by the gastric contractions. At the 
end of some experiments, up to 200 g of chyme was ex- 
tracted from the stomach. In the course of these experi- 
ments it became clear that the presence of food in the 
stomach has a marked effect on the motor activity of 
the stomach, without disturbing its periodicity. A dis- 
tinctive feature of such "digestive" periods, as compared 
to so-called “hunger® periods, is that they are thoroughly 
saturated with contractions during the phase of relative 
rest. In the empty stomach, after the end of a period of 
activity there follows a distinct period of rest for the gas- 
tric musculature for 1-2 hours, but during gastric diges- 
tion the resting phase is completely replaced by stomach 
contractions, The latter gradually become stronger and 
pass directly into contractions of the active period. 

Figure 1 shows that the periodic changes in tone and 
the periodic development of strong contractions charac- 
teristic for the empty stomach (second half of the experi- 
ment) are also observed when food residues are present 
in the stomach (first half of the experiment). It can be 
seen from Fig, 1 that the clear-cut division of the motor 
activity of the stomach into periods of work and rest, 
which characterized the empty stomach of the dog, is 
largely masked during gastric digestion by contractions 
in the “resting” phase. In addition, we note some var- 
ability in the length of the "digestive" cycles which is 
less characteristic of the periodic activity of the empty 
stomach. Whereas the length of the “hunger® cycles was 
1} hr, on the average, that of the “digestive” cycles var- 
ied during a single experiment from an hour and twenty 
minutes to two hours and ten minutes. The periods of 
activity during gastric digestion were generally far longer 
than those of the empty stomach; the former usually 
lasted about an hour, in which time up to fifty contrac- 
tions occurred. It was also noted that an individual pe- 
riodic contraction, either during digestion or while the 
stomach is empty, is a complex peristaltic wave con- 
sisting of several component movements. Although con- 
tractions occur continually in the period of “rest* during 
digestion, the expression of food through the opening in 


Comparison of the periodic motor activity of the stomach when food 


is present in the stomach (first half of the experiment, up to 6 hours 50 mi- 
nutes) and when the chyme has all moved into the intestine (second half of 
the experiment). Dog German, Experiment of November 2, 1952. 





the fistula stopper occurs primarily during the period of 
activity. 

Experiments with food present in the stomach also 
showed that the characteristics of the motor activity dur- 
ing digestion are similar to those of the empty stomach. 

Thus, in one of the dogs the periodic motor activity 
of the empty stomach was irregular. During digestion 
the periodic motor activity of this dog’s stomach had 
the same characteristics. 

In experiments in which the dogs were fed mixed 
food during periodic activity of the empty stomach, the 
same results were obtained, in the main, as in those ex- 
periments where food remained in the stomach (Fig. 2). 
The act of eating itself, during the period of gastric 
*rest", brings on small contractions lasting 10-40 min, 
The elevation of "tone", which was almost always seen 
under these circumstances, was probably caused by me- 
chanical pressure of the food on the balloon, The stom- 
ach contractions began during the very first minute of 
eating, and lasted for 5-7 min. The entrance of food 
into the stomach was accompanied by periodic motor 
activity, which lasted from five to ten hours, until all 
the food had moved into the intestine. Periodic motor 
activity then continued in the empty stomach, The 
first period of work during digestion came 1-3 hours 
after eating. During this 1-3 hours the stomach gave 
continual weak contractions, which gradually became 


stronger toward the beginning of the period of work. In 
the case where the dog ate 300 g of food(150 g of cooked 
meat and 150 g of thin oatmeal), the first period of 
work began 3-4 hr after the meal; it continued about an 
hour and was sometimes the only period of gastric work 
during the time of digestion. If the dog ate 600 g of 
food (150 g of meat, 100 g of bread, and 350 g of thin 
oatmeal), the first period of work more often began an 
hour after eating, and during gastric digestion 3-5 pe~ 
riods of stomach work were noted, 

Thus, our experiments showed that during intesti- 
nal and gastric digestion periodic motor activity of the 
stomach occurs in dogs. There is no essential difference 
between periodic motor activity of the stomach during 
digestion and in the absence of gastric contents. A dis- 
tinctive feature of the periodic motor activity of the 
stomach during digestion is a work period that is more 
prolonged than with the empty stomach, and a less 
marked period of relative rest. 


The conditions that have permitted us to observe 
distinct periodic motor activity in the stomach during 
digestion are apparently the relatively long duration of 
our experiments under continuous-recording conditions, 
the method of slow recording of gastric activity, the 
maintenance of the dogs on a mixed diet, and the feed- 
ing of a mixture of foods during the experiment. These 
conditions distinguish our experiments from earlier ones. 


On feeding 
300g food 


| spection 
of stomach 
contents 


Fig. 2. The effect of eating a mixed meal on the periodic motor activity of the 
stomach, Small degree of excitation of gastric contractions in connection with 
eating. Three hours after meal, development of strong, prolonged period of 
gastric work, during which not all the food entered the intestine. After a second, 
also prolonged, period of work the stomach was free of food. Dog Dzhul'ba. Ex- 


periment of May 11, 1952. 
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In their studies of the dominant, Ukhtomskii's school 
paid particular attention to the laws of the reorganization 
of intracentral relationship [5-8, 12, 13]. Only the work 
of Aristova[1, 2], from Vasilev’s laboratory, was con- 
cerned with the question of the influence of the dominant 
center on the peripheral neuromuscular apparatus con- 
nected with such a center, 

It was determined by one investigator [11] that a pro 
longed cooling of the frog, which led to the formation of 
a natural flexor dominant, was accompanied in the ma 
jority of cases by a change in the ratios of the chronaxies 
of the antagonistic muscles of the hind limb. If the frog 
were maintained at room temperature, the values for 
chronaxies of the extensor muscles were greater than 
those of the flexors, and the relationship of these values 
to each other was close to 2, According to the data of 
this worker, when the frog was kept at a low temperature, 
this relationship - the coefficient of Bourguignon - be- 
came equalized or less than unity, as a result of the rise 
of chronaxie of the flexors and the lowering of chronaxie 
of the extensor muscles, In the experiments of Aristova, 
theobase and chronaxie changed in opposite directions. 
Unfortunately, this author recorded the rheobase and 
chronaxie of the muscles of only one extremity and did 
not examine the excitability of the motor nerve, 


It thus remained unclear from the experiments of 
Aristova whether the dominant produced by cooling, 
which was reflected in the results obtained, was due to 
the presence of a dominant in both flexor centers for the 
hind limbs or in one of them only. Furthermore, the ex- 
perimental! arrangement was such as to preclude the pos- 
sibility of following the dynamics of the changes in ex- 
citability of the muscles during formation and extinction 
of the dominant in one and the same animal, for the au- 
thor compared the values of Bourguignon's coefficient in 
normal and preliminarily -cooled animals. 


In our work, we set ourselves the task of studying 
changes of the functional state of the peripheral neuro- 
muscular apparatus in the process of the appearance, 
development and extinction of an experimental, artifi- 
cially produced dominant, 

The dominant was produced by the action of rhyth- 
mic subliminal stimuli to the tibial nerve of the frog, 
according to the method of Vetyukov (4, 5], as modified 
by Verzilova (3). The presence of a dominant was shown 
in the perversion of the reciprocal relations among the 
centers for the antagonists, which was expressed as a 
heightened contraction of the semitendinosus muscle to 
test stimulations of the nerves, 


METHODS 


The cerebral hemispheres of frogs Rana ridibunda 
were ablated and on both sides the semitendinosus mus- 
cles, peroneal nerves, ulnar nerves, and the motor bran- 
ches of the sciatic nerve (deep posterior twigs) which 
innervate the semitendinosus muscles were prepared. The 
frogs were fastened to a cork board and placed in a moist 
chamber. Induction currents at a frequency of 50 cps 
and of an intensity 2-3 cm below threshold were used 
for subliminal excitation. These stimuli lasted for 10-20 
min and generally were applied repeatedly, In the in- 
tervals between the action of subliminal stimulations 
reflex contractions of the semitendinosus muscles were 
recorded, against the background of whicl) test stimuli 
were applied to the ulnar and contralateral peroncal 
nerves. The rheobase and chronaxie of the motor nerve 
(deep posterior branch of the sciatic nerve) and of the 
semitendinosus muscle innervated by it served as the 
characteristic of the functional state of the peripheral 
neuromuscular apparatus, 

Silver chloride electrodes were used. Rhcobase and 
chronaxie of the muscle were determined by means of 
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Fig. 1. Change of parameters of excitability of the 
motor nerve and muscle during formation of a dom- 
inant focus in the ipsilateral flexor center of the 
spinal cord. Experiment 34, April 9, 1957. 

A. Reduction of rheobase, chronaxie, threshold 
quantity of electricity, and threshold energy of stimu- 
lating current of the semitendinosus muscle and its 
motor nerve during formation of a dominant in the 
flexor centers of the corresponding limb. The ipsi- 
lateral peroneal nerve was subjected to subliminal 
tetanization for 19 min (12:50 to 13:00, first hatched 
column), As a result of this a dominant arose (sec- 
ond hatched column). 

1. Rheobase of the nerve; 2) chronaxie of the 
nerve; 3) threshold quantity of electricity of the 
stimulating current for the nerve; 4) threshold en- 
ergy of the stimulating current for the nerve; 5) 
rheobase of the muscle; 6) chronaxie of the muscle; 
7) threshold quantity of electricity of the stimulat- 
ing current for the muscle; 8) threshold energy of 
the stimulating current for the muscle. 

B. Kymograms from same experiment. 

lst-4th sequences, reflex contractions of 
semitendinosus muscle at start of experiment, be- 
fore formation of dominant; 5th-8th sequences, the 
same, after formation of dominant in the ipsilateral 
flexor center of the spinal cord due to influence of 
subliminal stimulation of peroneal nerve (frequency, 
50 cycles; strength, 2 cm below threshold); 9th and 
10th sequences, the same, after extinction of the 
dominant. 

Significance of the curves (from above down- 
ward); myogram of the reflex contractions of ipsi- 
lateral semitendinosus muscle; myogram of reflex 
contractions of contralateral semitendinosus mus- 
cle; signal marker for stimulation of ipsilateral 
peroneal nerve; signal for stimulation of contra- 
lateral peroneal nerve; signal for stimulation of 
ulnar nerve; time marks (1 sec). Numbers above 
stimulation markers; distance between coils of in- 
ductorium (in centimeters), 





needle electrodes, stuck into the belly and tendon of the 
muscle and separated by a distance of 10 mm. Measure- 
ments of excitability were carried out repeatedly — at 
the beginning of the experiment, at the time of forma- 
tion of the dominant, and after its extinction. On the 
basis of the data obtained the threshold quantity of 
electricity (V,) and the threshold energy (V*,) of the 
stimulating current required for excitation of the nerve 
and muscle were calculated. In all, 160 experiments 
were carried out. In the first series of experiments rheo- 
base and chronaxie of the nerve and muscle of one limb 
were studied. These same parameters for nerve and 
muscle of one hind limb and of the motor nerve of the 
opposite extremity were determined simultaneously in 
the second series of experiments. 


RESULTS 


The experiments showed that the formation of a 
dominant in the flexor centers of the spinal cord was 
accompanied by a precise change in the parameters of 
excitability of the nerve and muscle. During this pro- 
cess there is a decrease of rheobase of the motor nerve 
and the muscle of the hind limb innervated by it, on the 
side ipsilateral to the dominant. Chronaxie was short- 
ened, and the liminal quantity of electricity and energy 
of the stimulating current was reduced, The parameters 
of excitability of the motor nerve changed most sharply. 


Thus, in experiments carried out in the winter months 
(December-February), the values for rheobase and chro- 
naxie of the motor nerve were reduced by 2-10 times, 
This observation is in good agreement with the fact that 
the spinal flexor dominant is established best in the 
winter. 


When the dominant was formed, excitability of the 
muscle was heightened to a lesser extent than that of its 
motor nerve, With a deepening of the dominant state 
of the center there was an accompanying greater ex- 
pression of the reduction of the parameters of excitation, 
but a weakening, on the other hand, of their expansion, 
The data from experiment 34 (Fig. 1) may be given as 
an illustration of this, At the beginning of the experi- 
ment, before application of subliminal stimulation, re- 
ciprocal relationships took place: reflex contractions of 
the ipsilateral muscle were weakened during stimula - 
tion of the contralateral peroneal nerve and ulnar nerve 
(Fig. 1B, 1st and 2nd strips of the myogram). Contrac- 
tion of the contralateral muscle was reduced during test 
stimulation of the ipsilateral nerve (Fig. 1B, 3rd and 4th 
strips of the myogram). A ten min subthreshold tetaniza- 
tion of the ipsilateral nerve then led to the formation 
of a flexor dominant in the spinal centers for this ex- 
tremity. Now, as is evident from the myogram, stimu- 
lation of the contralateral, peroneal, and ulnar nerves 
(Fig. 1B, 5th and 6th strips of the myogram) evoked an 
augmentation of the contraction of the ipsilateral mus- 
cle instead of inhibiting it, while at the same time the 


inhibitory effect was preserved in the opposite limb 
(Fig. 1B, 6th-8th strips of the myogram.). The rheo- 
base of the ipsilateral motor nerve was reduced by 2.5 


SX OLS NEISY.. 
Ss &+ DB 


S 


y of Electricity 
of En 
Chronaxie 


Quantit 
8 
Quantit 


S 
Ss 


Fig. 2. Change of parameters of excitability of 
nerve and muscle during formation of a dominant 
focus in the contralateral flexor center of the spinal 
cord. Experiment 33, May 1, 1957. 

A. Increase of rheobase, chronaxie, threshold 
quantity of electricity and threshold energy of stimu- 
lating current for semitendinosus muscle and its 
motor nerve during formation of dominant in flexor 
centers of the opposite limb. 

The contralateral peroneal nerve was subjected 
to subliminal tetanization for 10 minutes (12:20 to 
12:30, first hatched column). As a result of this a 
dominant was formed (second hatched column), 

Designations on graph same as in Fig. 1A, 

B. Kymograms of same experiment. 

lst-3rd sequences, reflex contractions of 
semitendinosus muscle at beginning of experiment, 
before formation of dominant; 4th-7th sequences, 
the same, after establishment of the dominant un- 
der the influence of subthreshold stimulation of the 
contralateral peroneal nerve; 8th and 9th sequences, 
the same, after extinction of the dominant. 

Significance of curves same as in Fig. 1B, 





times (Fig. 1A, curve 1), and the chronaxie by 4 times 
(Fig. 1A, curve 2). In this experiment the threshold 
quantities of electricity (Fig. 1A, curve 3) and energy 
(Fig. 1A, curve 4) of the stimulating current were espe- 
cially sharply reduced - by 10 and 25 times respectively. 

Although less clearly expressed than the above, the 
parameters of excitability of the semitendinosus muscle 
also changed in the same direction during formation of 
the dominant. Rheobase of the muscle in this experi - 
ment was lowered by 2 times (Fig. 1A, curve 5), chro- 
naxie by 1.6 times (Fig. 1A, curve 6), threshold quant- 
ity of electricity of the stimulating current by 2.5 times 
(Fig. 1A, curve 7), and threshold energy of the stimu- 
lating current by 5 times (Fig. 1A, curve 8), After ex- 
tinction of the dominant the reciprocal relations be- 
tween the centers of the muscle antagonists was again 
restored (Fig. 1B, 9th and 10th strips) and correspond- 
ingly reached the baseline levels of rheobase and chro- 
naxie (see Fig. 1A). 

Further experimentation showed that changes in 
the parameters of excitation of the motor nerve of the 
extremity contralateral to the flexor center in which 
the dominant was worked out were of an opposite char- 
acter: rheobase increased, chronaxie lengthened, and 
threshold amount of electricity and threshold energy of 
the stimulating current increased. 

rhus, for example, in experiment 33, of May 1, 
1957, the rheobase of the nerve contralateral to the 
dominant of the extremity increased three-fold, chro- 
naxie lengthened by 1.7 times, threshold quantity of 
electricity and energy of the stimulating current was 
augmented 5 and 15 Simes respectively (Fig 2A). 
Rheobase and chronaxie of the semitendinosus muscle 
change in the same direction. 


These phenomena were demonstrated especially 
effectively in those experiments in which rheobase and 
chronaxie were measured in the nerve and muscle of 
an extremity in whose centers a dominant had been 
worked out, and in which the chronaxie of the motor 
nerve of the opposite limb was also studied at the 
same time (Fig. 3, experiment of May 11, 1957). 


Changes in parameters of excitation are presented 
in Fig. 3. In each group pairs of columns show in se- 
quence the changes of rheobase, chronaxie and thres- 
hold quantity of electricity and energy of the stimu- 
lating current. In each pair of columns the first shows 
the baseline value of the parameter before formation 
of the dominant, and the second, when the dominant 
is present. As is seen in Fig. 3, with the dominant 
formed in the ipsilateral flexor center, all parameters 
of excitation in this extremity were reduced. (Fig. 3A, 
hatched columns), whereas,on the contrary, they were 
increased on the opposite side (Fig. 3A, black columns). 

When the dominant changed over from the ipsi- 
lateral to the contralateral flexor center, the opposite 
changes took place immediately (Fig. 3B). The para- 
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meters of excitability of the ipsilateral limb increased, 
whereas those of the contralateral side decreased. 

Such a transfer of the dominant from the flexor centers 

for one extremity to those of the other side often arose 

either spontaneously, or under the influence of repeated 
subliminal tetanization. 

In some experiments subthreshold tetanization 
did not lead to the formation of a dominant in the 
spinal cord. When this occurred the values for rheo- 
base, chronaxie, threshold quantity of electricity and 
of threshold energy of the stimulating current did not 
undergo significant changes. On the other hand, ap- 
pearance of a “spontaneous” dominant (not dependent 
on subliminal tetanization) was accompanied by the 
characteristic reduction in the values for the indicated 
parameters, 

The table above indicates changes of parameters of 
excitability of the nerve and muscle during formation of 
a dominant in the flexor center of one extremity. In 50 
of the 64 cases reduction of the rheobase occurred and 
in 53 there was shortening of the chronaxie of the motor 
nerve of the ipsilateral limb. At the same time in 23 of 
a total of 34 experiments the rheobase increased and in 
21 cases the chronaxie of the opposite side was length- 
ened. The parameters of excitation of the muscle also 
changed in the same direction during formation of the 
dominant. It should be exphasized that those experiments 
in which a dominant was formed simultaneously in the 
flexor centers for both limbs ("mixed dominant") are not 
entered in the data of this table. In such cases changes 
in excitability were of a more complicated character. 
They depended on the stage of expression of the dom- 
inant in one or another center. In some of these experi- 
ments we observed changes in rheobase and chronaxie 
which were in different directions. 


The sum total of the data we have obtained leads 
to the conclusion that, during the formation of a dom- 
inant, important displacements can also be observed in 
the state of the peripheral neuromuscular apparatus along 
with those occurring in the reorganization of intracentral 
relationships (impairment of reciprocal inhibition). In 
such conditions excitability of the motor nerve, on the 
side of the dominant was increased, and was lowered on 
the opposite side. This also happened to a somewhat 
lesser degree with regard to excitability of the muscle. 

Attention should be directed to displacements in 
the same direction of the parameters of rheobase and 
chronaxie at the time of appearance of the dominant - 
to their simultaneous shortening or lengthening, as the 
case may be. In contrast to Aristova's work changes of 
theobase and chronaxie in opposite directions occurred 


in our experiments only in those cases where a mixed 
In various alterations of the nerve, 


dominant was present, 
theobase and chronaxie often did change in opposite dir- 
ections - chronaxie lengthened while rheobase decreased, 
and became shorter at a time when the rheobase was in- 
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Fig. 3. Change of parameters of excitability of nerve and muscle during transfer of 
dominant from the flexor center for one limb to flexor center of the other side. 


Experiment 42, April 11, 1957. 


A. Dominant in ipsilateral flexor center of spinal cord, 

B. Dominant in contralateral flexor center of spinal cord, 

In each group the pairs of columns designate, in order; rheobase, chronaxie, thres- 
hold quantity of electricity and threshold energy of the stimulating current. In each 
pair of columns, the first shows the baseline value of the parameter and the second, its 
value in the presence of the dominant. Figures under columns, the corresponding val- 


ues of the parameters. 


Legends: slanting hatched columns, parameters of excitability of the ipsilateral 
motor nerve; cross hatched columns, parameters of excitability of ipsilateral semiten- 
dinosus muscle ; black columns, parameters of excitability of the contralateral motor 


nerve, 


creased. On the basis of these facts Nasonov [9, 10] 
stated that the parameter of chronaxie was inversely de- 
pendent on the value of the rheobase and therefore could 
not be used as an indicator of the speed of rise of excit- 
ability in the nerve. In our experiments chronaxies 
shortened in spite of the fact that rheobase was reduced. 
It thus appears to us that this gives us a basis to consider 
that, during the rise of the dominant, a heightening of 
excitability (decrease of rheobase) takes place along 
with a decrease in the time of origin of excitation (chro- 
naxie). 

The changes which we have observed in the func- 
tional state of the neuromuscular apparatus during the 
working out of a dominant in the centers of the spinal 
cord may have an important adaptive significance, guar- 
anteeing the preparation of an organ executing some 
task for the realization of an active effect. Further re- 
search is required for an understanding of the physiolog- 
ical mechanism of the action of the dominant center on 
the peripheral apparatus. 
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SUMMARY 


The authors studied changes of the functional state 
of the peripheral neuromuscular apparatus during elab- 
oration of the spinal cord: dominant. The dominant was 
built up in one of the flexor centers of the frog's hindleg 
through application of rhythmic subliminal stimuli. The 
formation of the dominant manifested itself by inversion 
of the reciprocal relations between the centers of an- 
tagonists. It was found that,as the dominant appears in 
a flexor center of the spinal cord in a motor nerve and 
in the muscle innervated by it in the corresponding 
limb, rheobase, chronaxie, the threshold quantity of 
electricity, and the threshold energy of the stimulating 
current decrease, with simultaneous increase of all these 
parameters in the contralateral extremity. Disappearance 
of the dominant is accompanied by restoration of the 


initial level of excitability of the nerve and muscle, 
while the transfer of the dominant from a flexor center 
in one extremity to the centers of the other extremity 





leads to corresponding modifications in their excitabil- 


LITERA TURE CITED 
N. K. Aristova, Influence of Dominant and Inhibi- 
tory Centers in the Central Nervous System on the 
Functional State of the Peripheral Neuromuscular 
Apparatus. Candidate’s Thesis [in Russian] (Lenin- 
grad, 1953). 
N. K, Aristova, Uchen. Zapiski LGU, Ser. Biol. 
222, 106 (1957). 
O. V. Verzilova, Byull. Eksp. Biol. Med. 45, 2, 12 
(1958). * 
L A. Vetyukov, Transactions, Second All-Union 
Physiological Congress [in Russian] (Leningrad, 1926) 
p. 125. 
L A. Vetyukov, Selected Works from Physiological 
Laboratory, Leningrad State University, in Honor ot 
25 Years of Scientific Activity of A, A. Ukhtomskii 
(in Russian] (Moscow -Leningrad, 1930) p.145. 
M. L Vinogradov, Fiziol. Zhur. 6, 47 (1923). 


M. L Vinogradov and G, P. Konradi, Mediko- biol. 
Zhur. 2, 63 (1928). 

G. P. Konradi, Selected Works from Physiological 
Laboratory, Leningrad State University, in Honor of 
25 Years of Scientific Activity of A. A. Ukhtomskii 
(in Russian] (Moscow -Leningrad, 1930) p. 118. 

D. N. Nasonov and D, L, Rozental’, Fiziol, Zhur. 
39, 4, 405(1953). 

D. N, Nasonov and D, L, Rozental' Fiziol. Zhur. 41, 
1, 121 (1955). “ 
Yu, M, Uflyand, Fiziol, Zhur. 8, 3-4, 132 (1925). 
Yu. M,. Uflyand, in: New Data in the Reflexology 
and Physiology of the Nervous System, Collection 
1, [in Russian] (Leningrad-Moscow, 1925) p. 80. 

A, A. Ukhtomskii, Collected Works [in Russian] 
(Leningrad, 1950) Vol. 1. 

A. A. Ukhtomskii, Uchen, Zapiski LGU 22, 35 
(1950), 


* Original Russian pagination, See C, B, translation, 





THE SPATIAL DISTRIBUTION OF ELECTRICAL ACTIVITY 
IN THE CEREBRAL CORTEX OF MAN AND ANIMALS 


K. K. Monakhov 


Laboratory of Electroencephalography (Head- Prof. M. N, Livanov) 
of the Institute of Higher Nervous Activity (Dir. - Corresponding Member 


AMN SSSR V. S. Rusinov) AN SSSR, Moscow 


(Presented by Active Member AMN SSSR V. V, Parin) 
Translated from Byulleten’ Eksperimenta "noi Biologii i Meditsiny, Vol. 50, 


No. 10, pp. 23-28, October, 1960 
Original article submitted October 26, 1959 


The study of the bioelectrical activity of the cere- 
bral cortex, which has attracted the attention of many 
investigators, has mainly followed the lines of study of 
parameters of frequency, amplitude, and so on in the 
electroencephalogram of individual points on the cortex. 
More general processes, encompassing the cerebral cor- 
tex as a whole, have received less attention, as has the 
spatial distribution of cortical activity. 

In recent years there have been efforts to build in- 
struments, called * toposcopes,” that would give a spatial 
and topographic representation of the electrical activity 
of the cortex (Goldman, et al., 1948, 1949; Walter, et 
al., 1951; Shipton, 1952; Remond and Offner, 1952; 
Petsche and Marko, 1954, 1955; and Litty and Cherry, 
1955).* 

But the designs proposed have found only limited 
application in experimental work, and no practical ap- 
plication in the clinic, It is only through the invention 
of the clectroencephaloscope and the appropriate methods 
[6] that it has become possible to employ toposcopy 
widely for the investigation of the bioelectric mosaic of 
the cortex and subcortical formations in clinical and ex- 
perimental situations, This method permits us to study 
not only changes in the cortex as a whole, but also more 
localized and short-term processes, By drawing together 
the study of general and local processes in a single in- 
vestigation, it gives more information about the regular 
features of the spatial distribution of the brain's electri- 
cal activity. This is especially important since the re- 
flex mechanism, “which is the foundation of the central 
nervous system, comes down to a matter of spatial re- 
lationships” (L P. Pavlov [9]). 

The very first investigations involving the use of 
this new method disclosed a number of hitherto unknown 
regular patterns. These are concerned primarily with 
the appearance of foci of elevated activity during the 
establishment of a conditioned reflex, and with a parti- 
cular form of synchronous clectrical activity known as 
an “overflow,” or spreading wave of activity (2,5,6,7], 
the study of which is the subject of this paper. 
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METHODS 

Examinations were carried out on persons whose 
cortical functional states were altered by the applica- 
tion of various influences: maximal deprivation of ex- 
ternal stimuli, the development of sleep inhibition and 
return to the waking state, the influence of external 
stimuli, the production of a delayed conditioned reflex, 
performing an association experiment, etc. We also 
examined rabbits in states of waking and of sleep in- 
duced by amobarbital sodium, In this work we used an 
EES-50 electroencephaloscope (in an Anan*ev-Livanov 
system, 1955) and an electroencephalograph. The 


method of recording human cortical potentials, and the 
electrodes used, are described in an earlier paper of ours 
[8]. Here we will mention only that we distributed the 
electrodes evenly over the entire surface of the head, in 
five rows with 10 eiectrodes in each row. The cortical 
potential at each point was recorded in relation to the 
mean level of activity of the whole cortex. 


RESULTS 


Our investigation showed that under certain condi- 
tions a distinctive change in electrical activity occurs 
in the cortical mosaic of healthy individuals and pa- 
tients. That is, in one region of the cortex a synchro- 
nous elevation of electronegativity (from 30 to 200, v) 
develops for a brief period (1/20-3/20 second ), being 
displayed as an increase in the brightness of points on 
the electroencephaloscope screen, The next moment 
this electronegativity moves to a different region (lying 
either next to the first or some distance away from it) 
and thus, so to speak, executes motion, creating aspread- 
ing wave in a definite direction, leaving behind it a 
state of electropositivity. This motion may then occur 
in the opposite direction, or take a new direction (Fig. 1). 

To obtain a clearer idea of the character of a 
spreading wave, we made a photometric analysis of a 


* Cited by M. N. Livanov, V. M. Anan’ev, and N, P. 
Bekhtereva [7]. 





motion picture record containing a spreading wave, and 
described the activity of each point in numerical fash- 
ion. This numerical diagram shows how and within 
what range the activity changes during the passage of 

a spreading wave. From the figure presented herewith 
(Fig. 2) it can be seen that the electronegativity maxi- 
mum in the parieto-occipital region moves to the fron- 


tal region (second frame). At this time electropositivity 
develops in the other parts of the cortex, with a maxi- 
mum of its own and its own changes of position. The 
distinctive picture on the electroencephaloscope screen 
gives an idea of the form and the motion of the spread- 
ing wave, 

The most obvious form of spreading wave that we 
have recorded was an elevation of electronegativity 
(positivity) in the frontal divisions corresponding to an 
electropositi vity (negativity) in the occipital divisions, 
At the next instant this relationship was reversed. The 
accompanying figure (Fig. 2) shows a motion picture 
record in which the spreading waves described above 
are clearly seen. We call these “reciprocal” waves, 
since the relationship between the activity of the an- 
terior and posterior portions of the brain at any given 
moment is a reciprocal one, 


Along with the electroencephaloscopic study of this 
type of activity, we were interested in recording a spread- 
ing wave in electroencephalographic form. For this 
purpose we recorded cortical potentials from the same 
individuals under the same conditions by these two means, 

Using bipolar recording with the electrodes located 
near the midline, about 2.5-3 cm apart (in the fronto- 
occipital direction), we recorded similar slow waves in 
all four leads. Examination of the phase of these varia- 
tions disclosed that a shift occurred which amounted to 


a phase difference of 180° between the anterior and pos- 
terior regions of the brain. A calculation of the magni- 


tude and direction of the phase shift coincided with the 
duration and direction of the spreading wave (Fig.3, a). 
Somewhat different relationships were observed with 
monopolar recording of the potentials. The four “active” 
electrodes were placed as in the preceding case; the 
“indifferent” electrode was placed on the ear lobe, As 
shown in Fig. 3, b and c, a difference in the amplitude 
of similar variations appears clearly in all four leads, 
A calculation of the magnitudes gave us an idea of the 
movement of the maximum amplitude over the cerebral 
cortex within the region where the electrodes were placed, 
On comparing the results with the electroencephaloscope 


Fig. 1. A slow spreading wave with a complex “circu 
lar" motion, encompassing both hemispheres of the cer 
ebral cortex (Successive frames of a motion picture re- 
cord lasting 0,4 seconds. Each frame was exposed for 
20 msec, ), Explanation: in the upper part of the frame 
are 50 points, corresponding to 50 electrodes placed on 
the subject's head. The first row corresponds to the 
frontal electrodes, followed by fronto-parietal, parie 
tal, and parieto-occipital; the last and lowest row 
corresponds to the occipital electrodes. The points on 
the extreme left and right correspond to temporal elec- 
trodes. In the bottom part of each frame the frequency - 
amplitude spectrum of all 50 points is recorded. 
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Fig. 2. Photometric analysis of a spreading wave (at the left is a numeri- 
cal diagram of the wave represented in the photographs on the right), The 
explanation of the motion picture records is the same as in Fig. 1. 


recording one is readily persuaded that this movement 
corresponds to a spreading wave. Simultaneous electro- 
encephalographic and electroencephaloscopic recording 
established that there is complete correspondence be- 
tween the spreading waves, with their recorded phase 
shifts, and the movement of the maximum amplitude of 
variations over the cortex. 

The features described above can be understood on 
the basis of the concept that impulses which periodically 
reach the cerebral cortex and determine the state of 
local excitation within it strike different regions of the 
cortex at different times and with different intensities. 
For this reason the maximum electronegativity that 
develops at any given moment may move about over its 
surface. 

The spreading wave as a form of bioelectrical activ- 
ity can be characterized in at least four ways; first, with 
respect to the magnitude of the maximum of electro- 
negativity (positivity); second, as to the time occupied 
by the passage of the spreading wave; third, with respect 
to the cortical area involved in the spreading wave — 
its "massiveness"; and finally, with respect to the direc- 
tion of its movement and its tendency to recur. 

In our investigations we succeeded in recording 
spreading waves lasting 1/10-1/12 sec, as well as longer 
ones lasting 1/ 3-1 sec. Two motion picture records can 
be cited as an example of the differences in duration 
(see Fig. 1 and Fig. 2). The first shows a wave lasting 
400 msec, and the second shows a wave that occupied 
only 60 msec, Ordinarily the duration of the wave is 
related to the dominant rhythm in the electrical activ- 
ity of the brain. The higher the frequency of potential 
variations, the faster the wave spreads, and vice versa. 
Figure 3 shows a spreading wave against a background 


1006 


of dominant alpha activity (b) and of slower delta activ- 
ity (c). In the first case the amplitude maximum moves 
faster than in the second case, If the spreading wave 
repeats in sterotypic fashion, we may speak of its fre- 
quency, and the duration of the spreading wave can then 
be compared with the period of the dominant rhythm. 

It may equal the period of the dominant frequency or 
exceed it. With respect to the “massiveness” of the 
spreading waves one can say that this depends on the 
particular functional state. In our investigations the 
more extensive waves developed during the more pro- 
found states of sleep. * During extensive spreading the 
extent to which the waves were directed was greater, 
and their pattern was repeated in a more stereotyped 
manner, 

Consequently, on the basis of everything we have 
said it may be concluded that the spreading wave is a 
particular form of dynamic distribution of synchronous 
electrical activity in the cerebral cortex, in which the 
peak of electronegativity (positivity) moves from some 
cortical regions to others, In some instances the new 
regions are immediately adjacent to the first, while in 
others they are considerably removed. In this case a 
distinctive dynamic pattern appears on the electroence- 
phaloscope screen, either one that is constantly chang- 
ing or one that repeats itself in stereotypic fashion. 

The spreading wave is not connected with any one fre- 
quency of potential variations, but appears in its most 
obvious form when generalized slow rhythms are pre- 
dominant in the cortex, 

Some conditions favor the appearance or the en- 
hancement of spreading waves. They may be recorded 
with particular clarity while the subject is asleep, when 
they are characterized by relatively slow movement in 





Fig. 3, Electroencephalographic form of a spreading wave recorded with 
bipolar (a) and monopolar (b and c) electrodes. 


the fronto-occipital direction and, to a lesser extent, 
across the hemispheres. As a comparison with an elec- 


troencephalogram during sleep snowed, these slow spread- 


ing waves correspond to the delta wave stage. They 
usually disappear on arousal. But we have made some 
observations in which spreading waves were not present 
in the cortical mosaic during sleep, but reappeared 
shortly after awakening. Spreading waves can be re- 
corded in the resting-waking state in the absence of 
external stimuli. In contrast to the spreading waves 
seen during sleep, these have a greater rate of move- 
ment and no definite directional tendencies, i.e., they 


move in various directions, The effects of external 
stimuli on spreading waves are different, depending on 
the initial functional state. Most often, application of 
an external stimulus (light, sound) against a background 
of spreading waves causes them to stop. On the other 
hand, when the same stimuli are applied during the wak- 
ing state with no spreading waves present, they may 
appear in a pronounced degree, Apparently we must 
look for the cause of this phenomenon in the physiologi- 
cal intensity of the stimulus that evokes this reaction. 
A number of other conditions may also elicit the ap- 
pearance of spreading waves. Thus, for example, the 
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development of a conditioned delayed motor reflex in 
man, and so-called conflict words in an association ex- 
periment, result in the appearance of this form of elec- 
trical activity. Marked spreading waves can be recorded 
in certain pathological brain conditions. N, P, Bekh- 
tereva [1] has observed spreading waves in subcortical 
tumors of the brain. F, A, Leibovich [4] mentions 
stable transhemispheric spreading waves in epilepsy. 

We have observed spreading waves at the site of locali- 
zation of arachnoiditis. 

In investigations on rabbits it has also been ob- 
served that certain conditions favor the appearance of 
spreading waves. In particular, they appear in drug-in- 
duced sleep, and are the more pronounced the greater 
the dosage of amobarbital sodium. According to the 
data of I. N. Knipst, T. A. Korol*kova, and M, N. 
Livanov [3] spreading waves are also intensified in the 
stage of synchronization during the extinction of a con- 
ditioned reflex, and disappear when the conditioned re- 
flex is reestablished. The effect of external stimuli on 
spreading waves in rabbits is similar to that in man, 

Thus, the spreading wave is a rather widespread 
phenomenon in the electrical activity of the cerebral 
cortex of man and animals, Its mechanism is still un- 
clear, but there have been suggestions that subcortical 
influences are important [1]. We also feel that the 
mechanism of spreading waves is connected with the 
activity of subcortical formations, but would like to 
underscore the significance of a definite functional 
state of the cortex for its realization, Interesting data 
have recently been obtained by our graduate student 
Yu. Izosimov, which suggest that the reticular forma- 
tion of the midbrain is important for the appearance of 
spreading waves. Further study of this type of activity 
is of great interest, since a spreading wave, which usual- 
ly appears against a background of intensification of 
inhibition in the cortex (sleep, extinction of conditioned 
reflexes, delayed inhibition, etc.) may be an indicator 
of the intensity of this process. Apparently, it may also 
serve as an index of the influence of the reticular forma- 
tion on cortical tone. 


SUMMARY 

Using the electroencephaloscopic method of Liva- 
nov and Anan’ev, the author studied the spatial distri- 
bution of cortical electrical activity in man and animals, 
He noted that in certain physiological and pathological 
conditions of the central nervous system a special form 
of dynamic distribution of synchronous electrical activi- 
ty (cortical mosaic) is recorded, called an* overflow,” 
or spreading wave of activity, representing a movement 
of the peak of negativity (or positivity) from certain 
areas of the cortex into others, with a generalized rhythm 
of bioelectric activity all over the cortex. Recorded 
with monopolar leads, spreading waves appear as move- 
ment of the point of maximum amplitude of correspond- 
ing potential variations. With bipolar leads, it is mani- 
fested mainly as a phase shift in space. 

Certain conditions for these spreading waves are 
described, and an attempt is made to analyze their 
mechanism. 
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Most Russian authors who have studied the effect of 
low partial oxygen pressure on the human electrocardio- 
gram (ECG) (1, 3-7, and others] have observed a reduc- 
tion in the P and T waves. There is no one opinion agreed 
upon concerning the other waves. Similar results have 


been obtained by foreign authors (8, 10, 13, 14 and others]. 


G. V. Altukhov and V, B, Malkin [1] and other Russian 
authors have described the effect of low barometric pres - 
They found that in a rarefied atmosphere corre - 
sponding to a height of 8,000-12,000 m, there is a rota- 


sure, 


tion of the electrical axis of the heart (a change of the 
angle alpha) to the left due to the more horizontal posi- 
tion of the heart produced by a more elevated position of 
the diaphragm. 

We have found accounts of only a few experiments 
in which vector methods of ECG analysis have been ap- 
plied to traces recorded in hypoxia or at low barometric 
pressures. Thus, S, Tittel [14], and Gurtler, Poulsen, and 
Rasmussen (11) found that at low partial oxygen pressures, 
the integrative depolarization vector of the myocardium 
(AQRS) is reduced during inspiration, while maintaining 
its original direction; the repolarization vector (AT) is 
deviated to the left, but remains unchanged in amplitude; 
the “ventricular gradient” (G) changes both in direction 
and magnitude, 

H. Becker-Freyseng and M. Stamberger [9] have de- 
scribed similar changes in the AT vector to be caused by 
exposure to reduced atmospheric pressure at a “height® 
of 11,500 m when breathing oxygen. 

The vector method of ECG analysis is widely used 
in clinical practice. In attempting to reveal functional 
myocardial changes in human subjects caused by varia- 
tions in the external! factors already described, in addi- 
tion to other methods we have used vector analysis of the 
electrocardiograms recorded at reduced atmospheric pres- 
sure. 


METHOD 


The experiments were carried out in a pressure cham- 
ber in which the pressure was reduced to 405 mm mercury, 


corresponding to a height of 5,000 m, and the subjects 
breathed the air of the chamber for 30 min. In investi- 
gating the effect of the very lowest pressure, we reduced 
it to 195-170 mm mercury, corresponding to a height of 
10, 000-11,000 m; the subjects breathed oxygen for 20- 
25 min. The ECG was recorded for 15-20 min before 
“ascending,” at the 3-5th and 20-25th min after the parti- 
cular “height"™ had been reached, and 3-5 min after “com- 
ing down." The three standard leads were used in addition 
to chest leads CR», CRy, and CRs. Besides the normal ECG 
analysis, we also made measurements of the frontal vectors 
(vectors were constructed on the triple axis system). 

In all, 120 investigations were made, 25 in hypoxia, 
and 95 at reduced pressure. 

Healthy male subjects aged 20-30 and showing no 
ECG anomalies were used, Strictly controlled conditions 
of work, feeding, and rest were maintained. 


RESULTS 


Ata “height” of 5,000 m, without additional oxygen, 
a moderate degree of hypoxic hypoxia was well tolerated, 
and the ECG changes were as follows: the P, wave was 
usually increased, and P», 3 reduced; the precordial vector 
AP showed some tendency to rotate to the left, and it was 
usually reduced in magnitude; the P-Q interval and the Q 
and S waves showed changes which were not consistent. 
Quite frequently a left type of ECG was found, in which 
the R, wave was somewhat increased and R2- 3 reduced; 
the AQRS vector was displaced to the left. The T,-3 
waves were reduced, and the AT vector both reduced and 
as a rule displaced to the left. The * ventricular gradient” 
G changed in the same way as did AQRS. 

Thus, there was a combined rotation of the precordial 
and ventricular vectors to the left without them becoming 
separated, which indicated a changed position of the ECG. 
Quite frequently there were signs of increased electrical 
activity of the left ventricle. 

A confirmation of these findings was supplied from 
other axonometric measurements. The R/T ratio showed 
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no increase, and the R/S ratio changed, but not consistent- 
ly. 

In analyzing the ECG, we have thought it advantage- 
ous to introduce the R/P ratio (AQRS/ AP), which describes 
the direction in space of the potentials in the myocardium 
of the auricles and ventricles, When the hypoxia is well 
tolerated, the index shows some increase on account of a 
comparatively small rotation of the AP vector to the left. 

When the hypoxia is less well tolerated (Fig. 1), the 
P2_ 3 Waves are relatively increased; the AP vector is 
quite frequently rotated to the right, and increased. The 
Ry. 3 Waves are reduced, and the AQRS vector, particular- 
ly at the end of the experiment, is frequently rotated to 
the right. These changes indicate an increased load on 
the right heart, as is confirmed by several x-ray findings 
{2, 12). The effects may be attributed to a hypertonia in 
the lesser circulation occurring in hypoxia. Changes in the 
T waves under these conditions are similar to those de- 
scribed above, but are frequently primary ("ischemic = 
in nature. The R/T ratio quite frequently increased, and 
the R/ P (AQRS/AP) index increases on account of rotation 
of AP to the right and signs of overload of the right auricle, 
though it may remain unchanged or even decrease if in 
addition there is an increased load on the right ventricle 
(rotation of the AQRS vector to the right), There is fre- 
quently a reduction in the White index, which indirectly 
confirms the ideas presented above, The Fogel *son-Cher- 
hogorov systolic index showed no essential change, 
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When a human subject was exposed only to a reduced 
pressure, being brought to a “height® of 10,000 m and 
given oxygen, the ECG changes were considerably more 
complex than would have been expected from published 
reports. When the low barometric pressure was well tol- 
erated, there was some tendency to a leftward rotation 
of the AP vector. When the condition of the subjects 
deteriorated, quite frequently the precordial vector was 
increased and rotated to the right; this effect was parti- 
cularly well shown after “descent”, when the masking 
influence of the elevated position of the diaphragm was 
removed. 

When the low pressure is well tolerated aQ, - Ss 
complex occurs which is well known to be typical of the 
elevated position of the diaphragm. When the pressure 
is not well tolerated, anS, - Qs complex appears which 
is typical of a rotation of the heart to the right about its 
longitudinal axis; however, in the conditions described, 
this result did not occur frequently, and in our opinion it 
indicates an increased load on the right heart. 

When “high altitude” has no adverse effects, typical- 
ly there was an increase in the Ry wave and a reduction 
in the Rg- waves, i.e., the AQRS vector rotates to the 
left. In such cases, the amplitude of the vector quite 
frequently increased, which gave reason to suppose that 
there was some association of the levogram with the re- 
lative increase of load on the right ventricle. When 
“high altitude" produced adverse effects, the voltage of 


Fig. 1. Frontal vector cardiogram. 
Subject Ya-va, May 22, 1952, Hy- 
poxia not well tolerated, A) Before 
"ascent"; B) 3 to 5 minutes at “high 
altitude; C) 20 to 25 minutes at “high 
altitude; D) after descent, AP — dotted 
line; AQRS — continuous arrow; AT — 
broken line; G — broken and dotted 
line. 





the R, - 3 waves was usually reduced; the AQRS vector 
quite frequently deviated to the right, particularly at 
the end of a period at “high altitude” which together 
with the right rotation of AP indicated that the predomi- 
nant factor was the increased load on the right heart. 
Sometimes the ECG changes were typical of partial block 
of the right branch of the bundle of Hiss. 

Changes in the T wave were less typical, The ampli- 
tude of the T 4-3 wave was quite frequently reduced, the 
AT vector was deviated either to the left or to the right. 
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The “ventricular gradient” at “high altitude” usually 
showed a rotation to the left. When “altitude” was re- 
duced, the continuation of the “ventricular gradient” in- 
dicated the primary nature of the altered T waves. When 
the reduced pressure was well tolerated, the R/T ratio was 
reduced and the R/P (AQRS/AP) ratio quite frequently in- 
creased on account of the relative smaller rotation of AP 
to the left. When the condition of the subject deteriorated, 
there was a larger number of cases where the AQRS and 
AT vectors were separated in the frontal plane by more 
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Fig. 2. Frontal vector cardiogram. Subject W-ov, February 12, 1952, 
Low pressure well tolerated, Indications as in Fig. 1. 
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Fig. 3. Frontal vector cardiogram. 
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Subject U-ov, February 14, 1952, 
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than 30°, The AQRS/ AP index was usually increased 
during the first few minutes at reduced pressure, but the 
change was due to the right rotation of AP combined with 
a preponderantly leftward rotation of AQRS, Atthe end of 
the period of *high altitude" the R/P ratio might be re- 
duced on account of the additional right rotation of the 
AQRS vector. 

The systolic index rose by 5-8% when the “altitude” 
was well tolerated; when the condition of the subject 
deteriorated, the index rose by 12-15%, indicating a dis- 
turbance of the ventricular myocardium (Figs. 2 and 3). 

Changes of the ECG of the thoracic leads showed 
that when the reduced pressure was not well tolerated all 
the waves in lead CR, were reduced. In lead CR, the P, 
R, S, and T waves were increased; in lead CRg. there was 
a moderate reduction in the S-T interval, i.e., there was 
a relative increase in the activity of the right heart. 

It can be seen therefore that the appearance in the 
ECG of signs of overload of the right heart together with 
ischemia of one or other cardiac area (most frequently 
the ieft ventricle) seem to us to form a quite constant 
objective indication of a deterioration of condition fol- 
lowiliy moderate degrees of hypoxia and reduced baro- 
metric pressure, Evidently, such changes may be ascribed 
to hindrance to the pulmonary circulation resulting from 
the hypertonia of the vessels of the lesser circulation in- 
duced by hypoxia, and also to abnormal interoceptive 
reflex influences brought about by an expansion of the 


hollow organs of the belly and some mechanical pressure 
on the lungs due to the elevation of the diaphragm ("high 


altitude meteorism" ), 


SUMMARY 


One hundred and twenty observations were made of 
the effect of a short stay in an altitude chamber on the 
ECG of healthy subjects at an effective “altitude” of 
5,000 m while breathing either air, which induced hypo- 
xia, or at an equivalent height of 10,000 m while breath- 
ing oxygen. In subjects who tolerated the hypoxia there 
was a combined swing to the left of the AP and AQRS-T 
vectors without any definite cardiac displacement. When 
the hypoxia was not wel! tolerated, after about 20-25 min 
at the reduced pressure there was a relative swing to the 
right of the cardiac vectors, indicating an increased load 


on the right heart. When no adverse effects resulted, the 


shift of the cardiac vectors to the left was accompanied 
by signs of increased left ventricular activity. When the 
subject's condition deteriorated, an ECG of the S,-Q3 
type developed, and the AP and often the AQRS vector 
swung to the right while the R/T and R/P indices rose, 
which also indicated an increased load on the right heart. 
Therefore an ECG indicating such an increased right heart 
load constitutes also an objective sign of a deterioration 
of the physical condition. 
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A number of studies have been reported of the effect 
on ventilation, gaseous exchange, and respiratory move- 
ments by added resistance to breathing (1, 2, 5, 6, 9, 11, 
22, 25, 27, 29, 37). The respiratory movements were 
usually recorded pneumographically, and the work per- 
formed by the respiratory muscles was inferred only from 
their total effect. Nevertheless, it is known that respir- 
atory disturbances may resuit from the impairment of 
individual muscles, The most convenient method for 
study has been electromyography (EMG). 

The large amount of material ot the EMG of the 
different respiratory muscles has accumulated since Dittler 
in 1909 first recorded potentials from the diaphragm. 
Some of the experiments were performed on animals [4, 
7, 16, 19, 21, 30, 32, 36] and some on man (8, 13, 18, 24, 
26, 31, 341. 

There are only occasional references to the electri- 
cal activity of the respiratory muscles in man when breath- 
ing against a resistance, Campbell made a study of the 
potentials from the muscles of the abdomen. Normally, 
when surface electrodes are used, electrical activity 
from the muscles is not recorded. Campbell showed that 
it does not appear in these muscles when there is an add- 
L, L, Shik[8] recorded the electrical activ- 
ity of the intercostal muscles by means of surface elec- 
trodes and showed that it increases with added resistance 


ed resistance. 


to breathing. 

We have made a simultaneous study of the electri- 
cal activity of the diaphragm , intercostal , and oblique 
abdominal muscles in experiments in which an added 
resistance to breathing was established chronically. 


METHOD 


The experiments were performed on 10 unanesthe- 
tized dogs weighing 9-17 kg. In the first series, resis- 
tance was added to the breathing of normal animals, and 
in the second series the vagi were divided. All the ani- 


mals were taught to lie on their side on the table and to 
breathe through a mask. Potentials were recorded by 
means of electrodes sewn directly into the respiratory 
muscles [3]. Silver plate electrodes having an area of 
10 x 6 mm were sewn to the left arch of the diaphragm 
and to the left oblique abdominal muscles through a slit 
in the peritoneum, the distance between the electrodes 
being 1.5 - 2 cm; smaller electrodes measuring 5x 3 
mm were attached to the intercartilaginous portion of the 
left internal intercostal muscles in the fifth intercostal 
space near the sternum at a separation of 1 cm, The 
potentials from these muscles were amplified in a three 
channel amplifer and recorded on a cathode ray oscillo- 
graph, the overall sensitivity being 30-100uv/ mm. 

The resistance was added by a device which com- 
pelled the dog to breathe through a water column of a 
certain height. The preliminary results showed that there 
were considerable variations in the amount of resistance 
which each animal could tolerate. In our experiments 
therefore we did not use a standard value but one which 
was maximal for each animal, and which varied from 5 
to 20 cm of water. In most experiments the pulmonary 
ventilation was measured by gas flowmeters, Muscle 
potentials and pulmonary ventilation were measured be- 
fore and after introducing the added resistance, The ex- 
periment was repeated after dividing the vagi in the neck 
under local novocaine anesthesia. 


RESULTS 


Normal EMG of respiratory muscles. Before the 


added resistance (Fig. 1) the EMG of the diaphragm is 
asynchronous, gradually increasing at inspiration and de- 
creasing at the end of expiration, With our method of 
recording, the maximum amplitude of the potential var- 
ied between 200 and 500yv. At expiration the potential 
was smaller, lying between 50 and 300yv. Diaphragm 
activity has previously been recorded both at expiration 
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Fig. 1. Normal electromyogram of the respiratory muscles (dog Faithful, experi- 
ment of December 18, 1958). Curves (from top down): electromyogram of inter- 
costal muscles, diaphragm, and oblique abdominal muscles. 
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Fig. 2. Reaction of the respiratory muscles to a resistance to breathing before 
and after vagotomy (dog Faithful, experiment of March 23, 1959), Curves as 
in Fig. 1. a) Original background; b) after introducing resistance to breathing; 
c) after vagotomy, before increasing resistance; d) after increasing resistance. 





and inspiration by other authors [16, 23, 31, 36]. These 
results correspond with the x-ray findings which indicate 
that the diaphragm does not relax completely at expira- 
tion. 

The results on the electrical activity of the inter- 
costal muscles obtained by previous workers are contra- 
dictory. The differences are evidently due to variation 
in the position of the electrodes. Nevertheless, it has 
been repeatedly shown that the potentials from the inter- 
cartilaginous portion of the internal intercostal muscles 
arise chiefly at expiration (10, 20, 30], Our experiments 
have confirmed that the EMG Of this part of the internal 
intercostal muscles typically shows impulses at inspira- 


tion and that they coincide with those from the diaphragm. 


Their amplitude varies between 120 and 400 pv, 
Recordings from the internal oblique muscles showed 

that in the great majority of experiments there was an in- 

crease followed by a gradual decrease of electrical activ - 


ity only at expiration, though occasionally there was an 
intermittent, but increasing, discharge during this phase. 
The maximum amplitude of the potentials was 50-250 
pV. 

Simultaneous recording from the different respira- 
tory muscles showed that changes in diaphrugm activ- 
ity at expiration are closely associated with the changes 
in activity of the oblique muscles, The latter increases 
at expiration together with increased action from the 
diaphragm. Evidently, the activity of the diaphragm at 
expiration is brought about reflexly by its extension, pre- 
vents the sudden collapse of the lungs and brings about 
the normal smooth expulsion of the air, It is important 
to note that the oblique muscles first contract before the 
action of the diaphragm at inspiration has been completed. 
It appears that such an overlap enables a smooth change - 
over to be made between the inspirational and expira- 
tional phases [14]. 
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Fig. 3. 


Changes in the electrical activity of the respitatory muscles after vagotomy 
(dog Belka, experiment March 23, 1959). Curves as in Fig. 1. 


a) Before vagotomy; 


b) immediately after vagotomy; c) one hour after vagotomy; d) one day after vagoto- 


my. 





The EMG has shown that when there is a resistance 
to breathing, there is an increase of both inspiratory and 
expiratory muscle potentials, the amplitude increasing 
by 20-100% (Fig. 2a and b). However, despite the in- 
creased activity of the respiratory muscles, pulmonary 
ventilation was reduced by 5-15%, 


EMG of the respiratory muscles after vagotomy. Be- 


fore the increased resistance was introduced (Fig. 3), va- 
gotomy by itself caused a marked change in the activity 
of the respiratory muscles, The discharge from the dia- 
phragm and intercostal muscles after vagotomy showed 

a high rapidly increasing amplitude at inspiration, which 
immediately ceased when the breath was fully drawn, 
instead of relaxing gradually as in a normal animal, The 
amplitude of the potentials increased by as much as 2-6 
times. Wachholder and McKinley (36] found a similar 
increase in the response of the diaphragm in vagotomized 
rabbits, and Meda and Ferroni [28] found the same effect 
in guinea pigs. 

By contrast, the amplitude of the discharge from the 
internal abdominal muscles after vagotomy was markedly 
reduced, and often disappeared altogether. There was a 
corresponding reduction in amplitude or disappearance 
of the potentials from the diaphragm, The overlap of 
activities of the diaphragm and oblique muscles, which 
was commonly observed in normal animals,was not pres - 
ent after vagotomy. 


Thus, the increased depth and slowing of the respira - 
tion occurring after vagotomy is associated with a marked 
increase and duration of the activity of the inspiratory 
muscles, while the activity of the muscles of expiration 
is reduced or absent. In addition, the respiration is less 
even. 


Some time after vagotomy, the activity of the dia- 
phragm and intercostal muscles at inspiration gradually 
became reduced, though it remained above normal. At 
the end of inspiration it broke off less sharply. The obli- 
que muscles were active at inspiration a few hours after 
vagotomy, though sometimes not until two days after- 
wards, but the contractions did not have their full strength 
(see Fig. 3). 

In vagotomized animals, added breathing resistance 
increased the amplitude of the potentials from the dia- 
phragm and intercostal muscles at inspiration to a value 
50-200% above the normal level (Fig. 2e and d), 


When resistance to breathing was added, the elec- 
trical activity of the respiratory muscles was increased 
while pulmonary respiration was reduced, and this lack of 
correspondence was greater after vagotomy. Despite the 
marked increase in the amplitude of the potentials from 
the respiratory muscles, pulmonary ventilation decreased 
by 10-40%, By the second day after vagotomy, the in- 
crease in potentials from the respiratory muscles caused 
by increasing the resistance was not so well shown as on 
the first day (see table). 
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TABLE. Increase in the Amplitude of Impulses from the 

Diaphragm in Response to Added Breathing Resistance, 

on the same day as the Vagotomy, and two days after 

(in percent). 

Amplitude of potentials 
from diaphragm 

On the same | On second 

day 


Name of dog 


Volchok 
Belka. . 


It is known that normally respiratory movements show 
a characteristic gradual inspiration and expiration and a 
smooth transition between them. Our experiment showed 
that this effect is normally brought about by the gradual 
waxing and waning of the activity of the respiratory mus- 
cles, by the action of the diaphragm at expiration, and by 
the overlap of the periods of action of the diaphragm at 
inspiration and of the oblique muscles at expiration. 

Division of the vagi seriously disturbs the coordina- 
tion of respiratory movements, After vagotomy there is 
a marked increase in the activity of the diaphragm and 
intercostal muscles at inspiration, but it immediately 
breaks off at the end of this phase; during inspiration the 
action of the oblique abdominal muscles ends sharply; 
“during inspiration” lastly, there is no overlap between 
the inspirational and expirational phases, 

It is known that most of the afferent impulses to the 
respiratory center from the lungs pass along the vagi. It 
might be thought that the failure of coordination of the 
respiratory muscles which has been described above might 
be attributed to disturbance of the respiratory center fol- 
lowing its partial deafferentation by vagotomy. At a cer- 
tain time after vagotomy has been performed, respiration 
becomes more or less even. Our records showed that this 
effect is brought about by the respiratory muscles ceasing 
their activity at input less sharply, and developing an ac- 
tion atexpiration, The reason for this change is apparently 
that at a certain time after vagotomy there is an increase 
in the afferent inflow along other pathways such as the 
spinal nerves, sympathetic pulmonary nerves, and the sen- 
sory nerves of the pleura and of the respiratory muscles. 

There are two views as to what is the mechanism of 
the change in the respiratory movements which follows 
increased resistance. Some authors consider that the ex- 
planation must be in terms of humoral regulation and 
particularly the accumulation of CO, in the blood (11, 
25, 37]; others emphasize the importance of nervous reg- 
ulation, and particularly the part played by the vagi (1, 

8, 15, 17, 27, 35). 

Our results favour the latter view. The EMG showed 
that resistance produced a greater change in vagotomized 
than in normal animals, The result was less well shown 
on the second day after vagotomy. It is known that the 
EMG of the respiratory muscles is an index of the condi- 





tion of the respiratory center. It may therefore be supposed 
that the increased response to added resistance immed- 
iately after vagotomy is due to an increased excitability 

of the respiratory center brought about by the elimina- 

tion of the principal afferent pathways. The reduction 

in the response on the second day after vagotomy is 
probably due to a reduction in the excitability of the 
respiratory center, which is caused by other afferent path- 
ways being established. 

Because the oblique muscles are no longer active 
after vagotomy, the restoration of their function in vag- 
otomized animals when resistance is added indicates 
that the increased resistance acts as a further afferent 
stimulus to the respiratory center. 

From what has been said, it follows that changes in 
the excitability of the respiratory center, which depend 
on an alteration in its afferent supply, play an important 
part in bringing about the functional changes in the res- 
piratory musculature which are induced added resistance 
to respiration. 

It has long been known that the increase in respira- 
tory movements brought about by added resistance does 
not correspond to pulmonary ventilation. L. L. Shik and 
his co-workers found that in various pulmonary conditions 
ventilation was unchanged despite an increased activity 
of the respiratory muscles, The marked lack of corres- 
pondence between the increased activity of the respira- 


tory muscles and the reduced ventilation which we ob- 
served to occur against an added resistance after vag- 
otomy shows that the pulmonary ventilation depends not 
only on the activity of the respiratory muscles, but also 
on other factors associated with the vagi, such as control 
of the tone of the bronchials, innervation of the larynx, 
and the development of physiological atelectasis. 


SUMMARY 


Electrical activity of the respiratory muscles, includ- 
ing diaphragm, intercartilaginous part of the internal in- 
tercostal and internal oblique abdominal muscles, was 
recorded from electrodes chronically implanted in dogs. 
The disturbed coordination of the respiratory muscles 
which followed vagotomy was indicated by a sharp arrest 
of the increased electrical activity at the end of inspira - 
tion, and its failure to occur during expication; in addi- 
tion there was no longer any overlap between the activi - 
ties in the inspiratory and expiratory phases. These 
alterations are attributed to functional changes occur- 
ring inthe respiratory center and caused by the partial 
deafferentation through vagotomy. The functional chang- 
es in the respiratory musculature caused by introducing 
resistance to breathing depend on the excitation of the 
respiratory center, which in turn is determined by its 
afferentation. 
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Although artificial pneumothorax has long been used 
in clinical practice, the problem of its effect on the re- 
ceptors and on the respiratory center is still far from 
clear. Nevertheless, a study of this problem would help 
to resolve certain points concerning the therapeutic ef- 
fects of the operation. 

One method of revealing changes in the activity of 
receptors or central neurones in response to various stim- 
uli is to record the action potentials in the nerve trunk 
concerned, Of the electrical recordings from nerves 
which are known to us, only those of D, A. Kocherga [5] 
and V. M, Shirokaya [9 and 10] and some of those of 
Larrabel and Knowlton [14] deal with the effect of pnev- 
mothorax, There is no agreement between the results 
found by D, A. Kocherga and V. M. Shirokaya, who do 
not distinguish between the activity of the different re- 
ceptors of the respiratory apparatus in artificial pneu- 
mothorax, The reason is that they picked up potentials 
from relatively thick bundles containing a large number 
of functionally distinct nerve fibers. 

The present work represents a direct continuation 
of our previous investigations of the afferent and efferent 
impulses in the nerves of the respiratory’ apparatus [1, 2, 
3). 


METHOD 


We led off the action potentials, from thin bundles 
separated from the vagi in the neck, or, when studying 
efferent impulses, from its recurrent laryngeal branch, 
The small number of fibers present in these bundles makes 
it possible to carry out a more detailed study of the re- 
sponse of the receptors to the artificial pneumothorax, 
The work was carried out on cats and rabbits anesthetized 
with thiopental sodium, The potentials were recorded by 
means of a cathode ray oscillograph, and at the same 
time pressure variations in the intrapleural pressure were 
recorded on a motion- picture film, and in some of the 


experiments a record was made of the pressure in the 
carotid or femoral artery. 


RESULTS 


As can be seen from the oscillogram of one typical 
experiment (Fig. 1, A) the introduction of 10 ml per kg 
of air into the pleural cavity reduced the frequency of 
the impulses from the pulmonary stretch receptors at in- 
spiration, The effect evidently arises because the lung 
is less inflated. The frequency remains reduced for 10- 
15 min, and then immediately returns to its original 
value when air is sucked out of the pleural cavity (Fig. 

1, A, c). If large amounts of air up to 17 ml per kg are 
introduced, the reduction in the rate of afferent impulses 
is greater (Fig. 1, A, d). 

When the results of the electrophysiological experi- 
ment were compared with a dissection made subsequently, 
it was found that in animals in which the mediastinum 
was firm there was no change in the frequency of nerve 
impulses on the side opposite to that on which the pneu- 
mothorax had been established, but in those in which it 
was thin and easily displaced, the frequency was lowered 
by various amounts, 

In some experiments we were able to observe that 
when air was introduced rapidly into the pleural cavity, or 
rapidly sucked out, the frequency of impulses was in- 
creased, or impulses were formed anew which normally 
occurred only at the changeover between the respiratory 
phases under conditions of forced respiration, A frequency 
increase of this kind is shown in Fig, 1, B. Evidently, in 
this case we are concerned with an increase in the activ- 
ity of special receptors showing functional differences 
from those of the ordinary pulmonary stretch receptors, 

Later experiments showed that when air was intro- 
duced into the pleural cavities there was also a change 
in the impulses which are grouped to coincide with the 
pulse, and which detailed investigations by many foreign 
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Fig. 1. Effect of establishing an artificial pneumothorax on the afferent 
impulses in a small bundle of fibers separated from the vagus in the neck 
on the side of the pneumothorax, Oscillograms A; a) impulses under nor- 
mal breathing conditions; b) after introducing 10 ml per kg of air into the 
pleural cavity of the cat; d) the same 17 ml; c and e) after sucking our 
corresponding amounts of air; oscillograms B: a) impulses under normal 
breathing conditions; b) during rapid inflation of the pleural cavity with 


air; c) during the time when it is rapidly sucked out, Curves for each os- 
cillogram (from top down); action potentials; variation of intrapleural 
pressure (a depression of the line corresponds to an inspiration); time marker 
( 1/20 sec); arrow (t) indicates the introduction of about 20 ml per kg 
weight of air into the pleural cavity, an arrow (}) represents sucking the air 
out of the pleural cavity. 


workers [15 and others] have shown to originate from 
cardiac receptor, 

In some of the fibers, which appeared to be connected 
to receptors of the auricles (B-receptors) after air was 
introduced into the pleural cavities the impulse frequency 
was reduced, There was a reduction in the number of 
impulses occurring at each stroke, which might be due 
to a reduced venous return brought about by pneumotho- 
rax, The record of pressure in the femoral artery showed 
that there were no noticeable changes in arterial pressure 
(Fig. 2, A). 

Other fibers, which probably mediate the activity of 
receptors responsive to pressure changes in the auricles 
(A- auricular receptors), the opposite result is obtained, 
and there is an increased frequency of impulses which is 
particularly well-shown during the inspirational phase 
(Fig. 2, B). The increase in the frequency of the pulses 
was greater, the greater the amount of air introduced into 
the pleural cavities, 
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To determine the effect of closed pneumothorax on 
the activity of the respiratory center we recorded action 
potentials at the central ends of fine bundles separated 
from the vagus in the neck region, or better still from 
its recurrent laryngeal branch, In the latter case, the 
afferent pathway from the thoracic cavity along the vagus 
nerve was preserved completely. In addition to fibers 
carrying efferent pulses at inspiration, it has also been 
shown [2, 7, 8, 12] that other vagal fibers carry pulses 
which effect expiration, Therefore by studying the activ- 
ity of the fibers as described it was possible to obtain 
more information about the activity of the respiratory 
center than would have been possible by measuring the 
action potentials only in the phrenic nerve, 

As can be seen from a typical oscillogram (Fig. 3, 
A), introduction of air into the pleural cavity causes 
first of all an increase in the frequency of impulses at 
inspiration, There may be either an increase in the fre- 
quency of impulses already present, or the development 





of a new set of a different amplitude, The latter effect 
indicates the involvement of fresh neurones, After in- 
troducing air into the pleural cavity the duration of the 
first inspiratory discharges is frequently increased; the 
first inspiratory discharge after inflating the pleural cav- 
ity with air is particularly marked. 

In addition to an increase of inspirational activity, 
the establishment of artificial pneumothorax also leads 
to an increase in neuronal discharge at expiration, which 
occurs after a short initial inhibition of this activity 
(Fig. 3, B). After sucking out the air from the pleural 
cavity, the activity of the neurones of the respiratory 
center both at inspiration and expiration is reduced, and 
returns to its original level, 

We observed similar changes in the activity of the 
respiratory center in an experiment on a rabbit, It can 
be seen from the oscillogram of Fig 3, C,that introduc- 
ing air into the pleural cavity causes an increased dis- 
charge at inspiration, indicating an increased activity 
of the corresponding neurones; impulses of a different 
amplitude occur during expiration, showing that neurones 
in the respiratory center concerned with expiration have 
become activated. 


Thus an artificial pneumothorax reduces the fre- 
quency of the impulses originating in the pulmonary 
stretch receptors which form the typical volleys occur- 
ring atthis phase, The effect is due to the lung being 
less dilated when a pneumothorax has been established 
than it is normally. D, A. Kocherga also observed a 
reduction in the frequency of afferent impulses in vagal 
fibers during the first few minutes after introducing air 
into the pleural cavity, On the other hand,V. M. Shiro- 
kaya described not a reduction but an increase in the 
volleys of impulses after the operation, By picking up 
the action potentials from bundles containing a large 
number of different nerve fibers, as V. M, Shirokaya did, 
it is not possible to determine which receptor endings 
are responsible for the increased electrical activity re- 
corded. From the results which we have given here con- 
cerning the increase after pneumothorax of frequencies 
in certain fibers which terminate in the heart, it must 
be supposed that the increase of impulses observed by 
V. M, Shirokaya must be attributed to excitation of 
these cardiac receptors. 

The activity of the respiratory center is increased 
by the pneumothorax which reduces the flow of impulses 


Fig. 2. Effect of establishing an artificial pneumothorax on the right side 
on the grouping according to the pulse rhythm of afferent impulses in the 
fibers of the right vagus of a cat, Oscillograms A and B: a) impulses un- 
der normal breathing conditions; b) after introducing 20 ml per kg of air 
into the pleural cavity; c) after sucking the air out of the pleural cavity. 
In oscillograms A, the upper line indicates the variations in general blood 
pressure (165-175 mm Hg); in oscillograms B, besides the impulses grouped 
at the pulse rhythm, there are also impulses from the pulmonary stretch 
receptors. Other indications as in Fig. 1. 





Fig. 3. Effect of establishing an artificial pneumothorax on efferent im- 
pulses in a bundle extracted from the receptor nerves of a cat (A and B) 
and a rabbit (C). Introduction of air into the pleural cavity is indicated 
by the arrows, as in Fig. 1, B. The air was forced in before part b was be- 


gun. 


to it from the pulmonary stretch receptors, The effect 

is shown principally in an increased activity first of the 
neurones controlling inspiration, and then in those con- 
trolling expiration. Increased inspirational activity after 
inwoducing air into the pleural cavity is also observed 
when potentials are recorded from the phrenic nerve 

(5, 9, 14], It is interesting that here also the neurones 
concerned with expiration also become more active, 

In considering the results from the point of view of the 
complex composition of the bulbar respiratory center [6] 
and the separate localization of inspiratory and expira- 
tory neurones in the medulla (4, 11, 13, 16], it can be 
seen that there must be complex interrelationships be- 
tween these two sets of neurones, The increase in activ- 
ity of both sets following an artificial pneumothorax is 
evidently a compensatory reaction. 


SUMMARY 
Action potentials in the vagi of cats and rabbits 
were recorded to determine the effect of an artificial 
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pneumothorax on pulmonary receptors and the respira- 
tory center. It was found that there was a reduction in 
the impulses in the vagal fibers connected to pulmonary 
stretch receptors, The effect was to cause an increase 
in the activity of the respiratory center, which was shown 
at first by an increased number of efferent impulses at 
inspiration, and then an increase also in the impulses in 
the recurrent branch at expiration. It was also shown 
that the pneumothorax affected the cardiac receptors, 
and changed the frequency of the impulses which were 
grouped at the pulse rhythm, 


LITERATURE CITED 


M, L Vinogradova, in: Annual Report of the Insti- 
tute of Experimental Medicine, AMN SSSR [in Russian] 
(Leningrad, 1956) p. 113, 

M. L Vinogradova, in: Annual Report of the Insti- 
tute of Experimental Medicine, AMN SSSR [in Russian] 
(Vil * nyus, 1957) No. 4, p. 160. 





3. 


M, I. Vinogradova, in: Problems of the Regulation 
of Respiration in Normal and Pathological Conditions 
[in Russian] (Moscow, 1959) p, 58. 

I, A. Keder-Stepanova and G, A, Kurella, Fiziol. 
Zhur, 43, 1, 46 (1957), 

D. A. Kocherga, in: Problems of the Regulation of 
Respiration in Normal and Pathological Conditions 
{in Russian] (Moscow, 1959) p. 137, 

N. A. Mislavskii, The Respiratory Center [in Russian] 
(Kazan’, 1885), 

V. L Filistovich, in: Annual Report of the Institute 
of Experimental Medicine, AMN SSSR [in Russian] 
(Leningrad, 1958) p. 100. 

V. L. Filistovich, in; Problems of the Regulation 

of Respiration in Normal and Pathological Condi- 
tions [in Russian] (Moscow, 1959) p, 49. 


V. M. Shirokaya, Reports of the Scientific Con- 
ference on Problems of N, E, Wedensky Parabiosis 
(Leningrad, 1957) p, 107, 

V. M, Shirokaya, in: Problems of the Nervous Regu- 
lation of Function of the Animal and Human Organ- 
ism under Normal and Pathological Conditions [in 
Russian] (Chita, 1958) No, 2, p. 71, 

M. N. J. Dirken and S, Woldring, J. Neurophysiol. 
14, 211 (1951). 


. J. H. Green and E, Neil, J, Physiol, 129, 134 (1945). 


3, 


14, 


15. 
16. 


E, Haber, K, W. Kolin, and S, H. Hgai, et al., Am, 
J, Physiol,190, 350 (1957), 

M, G. Larrabel, G. C. Knowlton, Am, J, Physiol. 
147, 90 (1946). 

A. S. Paintal , J. Physiol, 120, 596 (1953). 

R. F, Pitts, H, W. Magoun, and S, W. Ranson, Am, 
J. Physiol. 126, 673 (1939). 





BLOOD COAGULATION IN C-AVITAMINOSIS 
Communication III. The Effect of Vitamins C, P, B,,, K, and 
Folic Acid on the Thromboplastic Activity of the Blood of 


C-Avitaminotic Guinea Pigs 
G. V. Andreenko and N. P. Sytina 


Laboratory of Physiology and Biochemistry of Blood Coagulation (Dir. - Prof, 
B. A, Kudryashev) of the Soil Biology Department of the M, V. Lomonosov 


Moscow State University 


(Presented by S, E, Severin, Active Member AMN SSSR) 
Z 
Translated from the Byulleten' Eksperimental' noi Biology i Meditsiny, Vol. 50, 


No, 10, pp. 46-48, October, 1960 
Original article submitted July 6, 1959, 


In our previous reports [1, 2], we demonstrated that 
one reason for the development of hemorrhagic diathesis 
in C-avitaminosis is disturbance of blood thromboplastin 
We observed this disturbance to be caused 
by a decrease in the thrombotropin (plasma component 
activating prothrombokinase) and prothrombokinase con- 
centration in the blood platelets. A decreased concen- 
tration of prothrombin was also observed. 


formation, 


In his study of the effect of C-avitaminosis on the 
blood coagulation system, McCraw [7j also observed a 
decrease in the prothrombin concentration in the blood. 
McCraw believes the reason for the decrease of prothrom- 
bin to be a secondary K-avitaminosis which develops in 
an organism fed a diet devoid of vitamin C, The syn- 
thesis of prothrombin, like that of thrombotropin, is car- 
ried out by the parenchymal cells of the liver under the 
control of vitamin K, When vitamin K was administered 
to white rats suffering from K-avitaminosis and to normal 
rats, the concentration of prothrombin and thrombotropin 
in the blood was restored to the normal indices in the 
first case and rose above the normal level in the second 
case [4, 5). 

With these facts in mind, we tested the effect of 
vitamin K on the thromboplastic activity and on the con- 
centration of thrombogenic components in the blood of 
C-avitaminotic guinea pigs. 

The prothrombokinase content of the blood can be 
increased by stimulating hematopoiesis and the forma- 
tion of thrombocytes in the bone marrow, Vitamin By 
and folic acid exert such an effect. When administered 
to normal white rats, vitamin By sharply increases the 
thromboplastic activity of the blood — to 200% of the 
normal activity[3], 

We administered vitamin By» and folic acid to C- 
avitaminotic guinea pigs in an attempt to increase the 
thromboplastic activity of the blood by increasing the 
prothrombokinase content in the platelets, 
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We also studied the effect of vitamin P on the coag- 
ulating system of the blood,as some authors [6] believe 
scurvy to be polyavitaminosis of C and P rather than sim- 
ply a monovitaminosis of C, 


EXPERIMENTAL METHODS 


The experiments were performed on guinea pigs 
weighing an average of 250-300 g. A condition of C- 
avitaminosis was induced in the animals by feeding them 
the diet devoid of vitamin C which we described in the 
earlier reports [1, 2]. Before and at fixed intervals after 
we started the experiment, blood samples were taken 
from the jugular veins of the experimental and control 
guinea pigs, and the thromboplastic activity and the 
thrombogenic components of the blood determined. The 
determination methods and the modifications we intro- 
duced in order to determine the percentile content of 
coagulation factors in the blood of the guinea pigs are 
described in the previous reports (1, 2). 

Vitamin By was administered in a dose of 7.5y per 
guinea pig; folic acid was given each animal in a dose 
of 2 mg; vitamin K was administered in the form of the 
hydrosoluble derivative Synkayvite in a dose of 50y ; vita- 
min P, in the form of citrin, and pure ascorbic acid were 
administered, respectively, in doses of 2,5 and 5 mg per 
animal, The vitamins were all injected intramuscularly 
in all the experiments except in one case, of which spec- 
ial mention will be made. 


EXPERIMENTAL RESULTS 


The experiments performed on 35 guinea pigs show- 
ed that the administration of vitamin K, vitamin By and 
folic acid did not prevent the development of C-avita- 
minosis and the associated disturbances of blood coagula- 
tion in the animals, The animals fed a C-avitaminotic 
diet and given a surplus of the above-mentioned vitamins 
lost weight and died on the 18th-20th day. The data in 
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Fig. 1. Change in the thromboplastic activ- 

ity of the blood of C-avitaminotic guinea 

pigs effected by the administration of vita- 
mins C, K, By and folic acid. 1) Diet + 2.5 
mg C; 2) diet + 71.5y By + 2 mg folic acid; 

3) diet + 50y Synkayvite; 4) diet without addi- 
tional vitamins. 


the graph, however, indicate that vitamin By and folic 
acid do act to sustain the thromboplastic activity level 
of the blood, There was somewhat less change in the 
concentration of the thrombogenic components, prothrom- 
bin and thrombotropin, of the blood in this group than in 
the control. In one of the experiments, it was found that 
the efficiency of the vitamin C dose depends on the way 
in which it is administered to the organism, Although 
2.5 mg, intramuscularly administered, is sufficient to 
effect normal development and weight gain in guinea 
pigs fed a C-avitaminotic diet, double this dose, i.e., 5 
mg, administered per os is not sufficient to stabilize the 
weight. The administration per os of both vitamin C and 
vitamin P caused the animals to develop normally and to 
gain more weight than was observed with the intramuscu- 
lar administration of ascorbic acid alone. The admin- 
istration of vitamin P alone to the animals did not pre- 
vent the development of C-avitaminosis or the decrease 
in the thromboplastic activity of the blood. 

It has already been demonstrated (1, 2) that the de- 
crease in the thromboplastic activity of the blood which 
occurs in C-avitaminosis is due to the decrease in the 
concentration of thrombotropin and prothrombokinase in 
the blood. The results of the experiments with the ad- 
ministration of vitamins to animals fed a C-avitaminotic 
diet further demonstrate the determinant in the decrease 


of the blood’s thromboplastic activity to be decrease in 
the prothrombokinase content. When hematopoiesis and 
the production of platelets — the source of prothromboki- 
nase — were increased by the administration of vitamin 


By, and folic acid, there was considerably less decrease 
in the thromboplastic activity of these scurvy guinea pigs 
than in that of the control, 

The administration of vitamin K had no beneficial 
effect on either the thromboplastic activity of the blood 
or the thrombotropin level. 

These data indicate that the decrease in the pro- 
thrombin and thrombotropin content of the blood of C- 
avitaminotic animals is evidently not due to a secondary 
K-avitaminosis, as McCraw proposed [7], but rather to a 
general decline of the synthetic processes which occurs 
in the absence of vitamin C, 


SUMMARY 


As shown by experiments conducted on guinea pigs 
fed a diet devoid of vitaminC, vitamin By, and folic acid 
administered in a daily dose of 7.5y and 2 mg, respec- 
tively, diminished the extent of the blood thromboplastic 
activity reduction observed in these animals, With the 
administration of these vitamins, the concentration of 
prothrombin and thrombotropin decreased slightly less 
than in control experiments, Vitamin K rendered no fa- 
vorable effect upon the concentration of thrombogenic 
components and thromboplastic activity of the blood. 
The efficacy of the vitamins stimulating hemopoiesis 
confirms the suggestion that the drop in blood thrombo- 
plastic activity is due to a reduced concentration of pro- 
thrombokinase in the platelets. 


LITERA TURE CITED 

G. V. Andreenko and N. P. Sytina, Problemy Gem- 
atologii i Perelivaniya Krovi, 10, 26 (1959). 
G. V. Andreenko and N, P. Sytina, Byull. Eksp. Biol. 
Med. 49, 3, 30 (1960).* 
G. V. Andreenko and B, A. Kudryashov, Doklady 
Akad. Nauk SSSR 102, 4, 787 (1955). 
B. A. Kudryashov, Doklady Akad. Nauk SSSR 60, 8, 
1469 (1948), 
P. D, Ulitina and B, A, Kudryashov, Doklady Akad. 
Nauk SSSR 63, 4, 465 (1948). 
A. Benthsath, St. Rusznyak, and A, Szent-Gyorgyi, 
Nature 139, 326 (1937). 

7. J. ¥. McCraw., Rev. Cand. Biol, 14, 295 (1956). 


* Original Russian pagination. See C, B, translation, 





HEMATOPOIESIS AND VITAMIN B,, CONTENT IN DOGS 
AFTER GASTRECTOMY AND IN EXPERIMENTAL HEPATITIS 


O. A. Korolenko 


Department of Pathophysiology (Head-Prof. D. I. Gol'dberg) and the Department 
of Biochemistry (Head- Prof. L. D. Kasheynik) of the Tomsk Medical Institute 
(Presented by V. N. Chernigovskii, Active Member of the AMN SSSR) 

Translated from Byulleten* Eksperimental' noi Bioloyii i Meditsiny, Vol. 50, 


No, 10, pp. 48-53, October, 1960 
Original article submitted August 14, 1959 


Since the role played by disturbance of the forma- 
tion of Castle's intrinsic factor in the pathogenesis of 
B y2- deficiency anemias has been explained (16, 18, 19, 
et al.), there has been greater interest in the experimen- 
tal and clinical study of remote consequences of exten- 
sive resections of the stomach. Many descriptions of so- 
called agastric pernicious anemia in people who have 
undergone a total gastrectomy operation have appeared 
in recent years (2-5, 7, 8, 9, 23, 24, et al.]. Aside from 
Bence’s attempts [12) to induce megaloblastic anemia in 
pigs after resection of the stomach, analogous experiments 
performed on other animals (dogs, monkeys) have shown 
the impossibility of developing a similar type of anemia 
experimentally (1, 6, 13, 14, 17, 20, et al.). 

It was interesting in this connection to study the 
changes which occurred in hematopoiesis in an experi- 
ment on animals with a resected stomach and in which 
the vitamin By -depositing function of the liver was dis- 
turbed. Our experimental observations were performed 
on gastrectomized dogs in which we subsequently induced 
the development of toxic hepatitis. 


EX PERIMENTAL METHODS AND RESULTS 


Eleven of the twenty dogs used for the experiment 
survived, Six of the 11 surviving dogs had undergone 
total resection of the stomach; in the other five, the re- 
section of the stomach was subtotal. 

After the operation, we observed the development of 
a moderate hypochromic, normocytic anemia, which 
lasted 20-70 days and then usually subsided spontaneously. 
The hemoglobin decreased 10-23% ~— an average of 17.33%, 
-and the numberof erythrocytes decreased 700,000- 
2,000,000, or an average of 1,350,000; no changes were 
observed in the number of reticulocytes and leukocytes, 
Only one dog (Bobka) died five months after total resec- 
tion of the stomach, showing symptoms of pronounced 
hypochromic anemia (hemoglobin-32%, erythrocytes— 
4,060,000; see table). Examination of peripheral blood 
smears showed hypochromia and anisocytosis. 

Examination of hematopoiesis in the bone marrow 
of the gastrectomized dogs disclosed the development in 
the animals of a hypogencrative reaction charactcrized 
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by. a decrease in the total number of erythroblasts and, to 
some extent, by disturbance of their maturation (relative 
increase of basophilic normoblasts and macroblasts and, 
sometimes, of proerythroblasts). The average erythrocyte 
diameter remained normal throughout the observation 
period in spite of a shift to the right (7.24-7,.69 as 
against the initial 6.71-7.36:). According to the data 

of our department, the normal fluctuations for the average 
erythrocyte diameter in dogs are 6.2-7.7(M 4 30): 

M = 6.95 ». We also observed this in our study of the 
vitamin By content in the blood serum and liver of the 
gastrectomized dogs (see table). The vitamin content 
was determined by V. N. Bukin's biological method, The 
content in the blood serum ranged between 252-381 

py y/ ml (with background indices ranging from 319 to 

532 p y/ml), We determined the vitamin By content 

in the liver of the dogs at different times, depending on 
when the animals died (on the 74th day, after eight months 
and after one year), and established the following values: 
251.26 my/ g, 287.08 m y/ g and 259.06 my/ g (the norm 
being 200-300 my/g). Using the dogs of this same group, 
we also studied certain of the liver functions, We found 
moderate disturbances of the functions studied—the pro- 
teinogenic function in particular. For example, the 
amount of total protein in the blood serum decreased 1-2% 
(from 7,2-6,89 to 5.9-5,.25%); the. mercuric chloride test 
decreased to 1,02-1.16 (the norm being 1.7-2), and the 
prothrombin content fluctuated between 83 and 89%. In 

a majority of analyses, Himans van den Bergh's test was 
negative, but the bilirubin content increased in a few 
cases to 1,8-2 mg%. 


We induced the development of acute toxic hepa- 
titisin some experiments in order to intensify the hema- 
topoietic disturbances in the gastrectomized dogs. In 
this way, we proposed to effect disturbances of the vita- 
min By storage function of the liver and, on a background 
of gastrectomy, to be able to observe a megaloblastic 
shift of hematopoiesis, 

The experiments were performed on three dogs (two 
with total, one with subtotal resection of the stomach). 
Hepatitis was induced by the intramuscular administra- 
tion of a 1% yellow phosphorus solution in apricot oil, 





injected in a dose of 0.01 g/kg. The injections were 


given twice a week; the course consisted of 4-5 injections, 


The development of acute injury of the liver tissue 
was verified by an increase in the bilirubin content to 
10,5-16.5 mg%, a decrease in the prothrombin content 
to 62.5-55% and a decrease in the mercuric chloride 
test to 0.8-1. The total protein content decreased to 
4.2%. 

Examination of the peripheral blood showed the de- 
velopment in these animals of hyperchromic macrocytic 
anemia, lasting 65-133 days (Fig. 1 a and b). The hemo- 
globin content fell 36-46% of the original figures; the 
number of erythrocytes decreased 2,000, 000-2, 790,000. 
There was a considerable increase in number of reticulo- 
cytes; this index had increased from 3-10%9 (before ad- 
ministration of the phosphorus) to 57- 145.5% by the 31st- 
44th day of the experiment. As before, no changes in 
the number of leukocytes were observed, By the 65th- 
103rd day of the experiment, the average erythrocyte 
diameter had increased 0,7-0.92 p , reaching 7.92-8,12p. 
On erythrocytometric curves, the minimal diameter was 


5-6y, the maximal, 10-10.5y. A few erythrocytes were 
as large as 11.5-12.5y. 


On supravitally stained peripheral blood smears, we 
also established that formations like Heinz bodies began 
to appear in the erythrocytes after the administration of 
the yellow phosphorus solution to the animals (Fig, 2 and 
3). They did not appear until the 15th day of the experi- 
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ment; they were first observed as single, very tiny forma- 
tions, which then increased in size and number. The 
maximum number of erythrocytes containing these bodies 
was observed on the 18th-20th day of the experiment 
(984- 871%), after which the number of such erythrocytes 
began to decrease until, on the 45th-78th day of the ex- 
periment, the bodies were no longer apparent, 

Therefore, this hitherto unrecorded appearance of 
pathological structures in the erythrocytes indicates that 
phosphorus is a hemolytic as well as a hepatic poison, 

Bone marrow punctates taken from the dogs Dzhonka 
and Al*fa after the administration of the phosphorus showed 
an increased number of erythroblasts of every type, the 
immature forms in particular (proerythroblasts increased 
from 1.4 to 2.6%, basophilic erythroblasts increased from 
2.75-8.4 to 16-19% and macroblasts increased from 4.6 
to'32.6%). The leukoblast-erythroblast ratio decreased 
from 1,95-2,5 to 0,46-0,66, Erythropoiesis was observed 
to be inhibited in the dog Ryzhii (erythroblast content 
decreased from 41,6 to 11.4%), but there was a sharp in- 
crease in the number of reticuloendothelial and plasma 
cells (the former increased from 0,5-1 to 22%, the latter, 
from 1,8 to 6.8%. 

The changes in the vitamin By, content of the blood 
serum were very definite in character, There was a mark- 
ed increase in the vitamin By, content on the 15th-16th 
day of the experiment. In the dog Ryzhii, for example, 
two weeks after the administration of the phosphorus, the 
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Fig. 1. Change in the blood indices of the dog Dzhonka (subtotal resection of 
the stomach and yellow phosphorus poisoning). a) During the 1st-12th months 
of the experiment; b) during the 13th-24th months of the experiment. 
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vitamin By, content was twice the original (having increas- 
ed from 243 to 580 yy/ml) and by the 72nd day constituted 
653.2 yy/ml. In the dog Al'fa, the vitamin content had 
more than doubled by the 16th day, having increased from 
381 to 776 yu y/ ml, but the administration of phosphorus 
did not cause the same reaction in Dzhonka: in this dog, 
the vitamin By, content did not increase until the 89th day 
of the experiment, and then only after an additional in- 
jection of the phosphorus was administered. 

After involution of the symptoms of hepatitis and 
normalization of the liver functions, the vitamin By, con- 
tent in the blood of these dogs was back to normal, The 
normal hematologic indices and bone marrow picture were 
also restored. This restoration was not observed, however, 
in the dog Ryzhii, which died of poisoning on the 72nd day 
in a condition of serious hepatitis and anemia. 

The increase in the vitamin By, content of the blood 
serum effected by phosphorus poisoning was due to the 
fact that the storage function of the liver was disturbed 
during hepatitis. This conforms with clinical observations 
recording weakening of the storage function in patients 
with cirrhosis of the liver and infectious hepatitis (10, 11, 
21, 22). If the functional ability of the liver is subsequent- 
ly restored, the possibility of vitamin By, storage in it is 
also restored (normalization of the vitamin B,, content of 
the blood serum), 

We also examined three control (non-gastrectomized) 
animals which had received yellow phosphorus in the same 
dose as the gastrectomized dogs, Macrocytic, hyperchro- 
mic anemia similar to that observed in the first group of 
dogs developed in these animals, The average erythro- 
cyte diameter increased to 7,89-8.12 ». The base of the 
Price-Jones curve ranged between 5.5-6,5y and 10-10,5y. 
The bone marrow punctates showed some decrease in the 
leukoblast-erythroblast ratio (from 1.09 to 0,94) due to a 
slight increase in the total number of erythroblasts: the 
polychromatophilic normoblasts increased from 8,3 to 
10.3%, and the proerythroblasts increased from 0,6 to 1.6%, 
By the 15th day of the experiment, the vitamin B,, con- 


Fig. 2. Blood smear from the dog Dzhonka after yellow 
phosphorus poisoning, Degenerate hemoglobin structures 
(supravitally stained with Nile blue sulfate). 





Fig. 3. Blood smear from the dog Al’ fa after yellow phos- 
phorus poisoning. Degenerate hemoglobin structures (su- 
pravitally stained with Nile blue sulfate). 


tent in the blood serum of these dogs had increased from 
532,2-516.5 to 1425-1212,5 py/ml, but was back to the 
original indices by the 51st day. In the liver of the dog 
Dina, which was killed on the 163rd day of the experi- 
ment, there was a decreased vitamin By, content—94, 83 
my per 1 g fresh tissue. 

From our observations, it is evident that phosphorus 
caused a more serious and protracted anemia in the ani- 
mals which had undergone total gastrectomy, The ad- 
ministered dose of phosphorus proved lethal in the case 
of Ryzhii (total gastrectomy): the animal died, showing 
symptoms of acute macrocytic anemia, after receiving a 
dose easily tolerated by the non-gastrectomized dogs and 
the dog with subtotal gastric resection, Dzhonka (total 
gastrectomy) was killed by this same dose of the poison 
after its administration to her in the second experiment 
with phosphorus, performed almost a year after her first 
poisoning, with a picture of developed hepatitis and hy- 
perchromic anemia. 

Summing up the above, one can see that in spite of 
the absence of the stomach and the disturbance of the 
vitamin B,g-storing function of the liver, the macrocytic 
anemia and disturbance of the vitamin Byy content attend- 
ing the experimental hepatitis were temporary changes, 
and no transition to the megaloblastic type of hemato- 
poiesis was observed, This functional resistance of eryth- 
ropoiesis is evidently due, to some extent, to the fact that 
in dogs Castle's intrinsic factor is formed in the small in- 
testine as well as in the stomach. 


SUMMARY 


Experimental hepatitis was induced in gastrecto- 
mized dogs by the intramuscular injection of yellow 
phosphorus, Hepatitis development was associated with 


pronounced macrocytic anemia and disturbance of the 
Byp storing liver function, All these changes were only 
temporary. No transition to the megaloblastic type of 
hematopoiesis was observed. Analogous phenomena 
developed in dogs with experimental hepatitis and 

intact stomachs. Moreover, formations of the Heinz 
bodies type appeared in the erythrocytes as a result of the 
yellow phosphorus injection. 


LITERATURE CITED 


Ts, 1, Abakeliya, Soobshcheniya AN Gruz, SSR 14, 
10, 629 (1953). 
G. A. Alekseev, Klin. Med. 11, 15 (1954). 
G. A. Alekseev, Problemy Gematol, i Perelivaniya 
Krovi 5, 12 (1956). 
A. A. Bagdasarov, P. M, Al*perin, M. Ya. Anshevits, 
et al., Problemy Gematol, i Perelivaniya Krovi 5, 
3 (1956). 
A, A, Bagdasarov, Vestnik AMN SSSR 3, 37 (1959). 
Kh. Kh, Vlados, A, A, Bagdasarov, M, S. Dul'tsin, 
et al., in; Contemporary Problems of Hematology 
and Blood Transfusion [in Russian] (Moscow - Lenin - 
grad, 1936). Nos, 13-14, p, 41. 
A. L Gol*dberg, Transactions of the Fourth Pavlov 
Conference of the Tomsk Medical Institute [in Russian] 
(1954) p. 73. 
A. L Gol*dberg, Terap. Arkh, 1, 65 (1955), 
A. L, Goldberg, Problemy Gematol, i Perelivaniya 
Krovi 2, 26 (1956). 
N, T. Fokina, Problemy Gematol. i Perelivaniya 
Krovi 6, 33 (1956), 
N. T. Fokina, Terap. Arkh, 5, 30 (1957), 

. J. Bence, Z, klin. Med, 130, 275 (1936). 
R. A. Bussabarger, F. P, Cuthbert, and A. C, Ivy J. 
Lab and Clin, Med, 24,24 (1938). 
R, A. Bussabarger, A. C, Ivy, and H. S, Wigodsky, 
et al,, Ann, Intern, Med, 13, 1028 (1939), 
W. B. Castle, Science 82, 159 (1935). 
W. B, Castle, New England J. Med. 249, 603 (1953), 
G. Fontés, J. Kunlin, and L. Thiyolle,Sang 10, 433 
(1936). 
G, B. J.Glass, Therapie, 10, 3, 425 (1955). 
G. B. J. Glass, L, C. Lillick, andL, J, Boyd, Blood 9, 
1127 (1954). 
A. C, Ivy, O, Richter, and M, C, Kim, Am, J. Physiol. 
101, 59 (1932), 
M, Rachmilewitz, Y. Stein, and J. Aronovitch, et al., 
Arch, Intern. Med. 101, 1118 (1958), 
E, E, Reimer, Wien. Z. inn, Med. 33, 303, (1952), 
M. Tomoda, Chirurg 25, 49 (1954). 





CHANGES IN THE BLOOD SYSTEM ASSOCIATED WITH 


DENERVATION OF THE DUODENUM 
R. A. Durinyan 


Laboratory of General Physiology of the Institute of Normal and Pathologic 
Physiology (Dir. — V. N. Chernigovskii, Active Member of the AMN SSSR) 


AMN SSSR, Moscow 


(Presented by V. V. Parin, Active Member of the AMN SSSR) 
Translated from Byulleten* Eksperimental' noi Biologii i Meditsiny, Vol. 50, 


No, 10, pp. 53-58, October, 1960 
Original article submitted June 2, 1959 


S, P, Botkin [1] was the first to recognize the pos- 
sibility that the stomach, and, in particular, the duo- 
denum, act reflexly on the composition of the blood, 
Presently there is no doubt about the close functional 
relationship between the organs of the digestive tract 
and the blood system, It has been shown, by a number 
of investigations (2,3, 6, 8, 9, 11], that significant 
changes occur in the peripheral blood and bone marrow 
pictures as a result of either the removal of various 
portions of the digestive tract or the exposure of its 
mucosa to certain influences, These influencing factors 
often lead to the development of anemia, Reflex changes 
in the blood composition, in association with a diverse 
number of actions on the duodenal receptor apparatus, 
have been established as plausible [4, 5, 7, 8]. In our 
opinion, these observations testify to the importance, in 
the regulation of the blood system, of the efferent im- 
pulsation, and, in particular, the afferent impulsation, 
traveling from the receptor field of the duodenum, 

In this investigation, we used the denervation meth- 
od to exclude innervation and to exclude the afferent 
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impulses in particular in order to study the effect of de- 
nervation of the duodenum on the blood system, 


EXPERIMENTAL METHODS 


The investigations were carried out as a chronic ex- 
periment on eight male cats; parellel investigations were 
conducted on the blood of six control cats, In each ani- 
mal, the number of erythrocytes, leukocytes and reticulo- 
cytes, the percentage of hemoglobin, the osmotic resis- 
tance (fragility) of the erythrocytes, the volume of ery- 
throcytes (hematocrit) and the average erythrocyte dia- 
meter were determined, The red marrow picture was 
studied in a few of the animals. The indices of the blood 
were studied for 3-4 weeks before the operation. Blood 
was taken from a small incision in the ear every other 
day until the third month after the start of the experi- 
ment, when it was taken every 3-4days, Bone marrow 
was taken from the region of the upper third of the tibia 
while the animal was under general ether anesthesia. 

The investigations lasted 5-8 months, Denervation was 
performed as follows; all nerves terminating in the neu- 


1955 | — T May June uly T August 


Fig. 1. Change in the peripheral blood after the control opera 
tion, E) Erythrocytes; H) hemoglobin; L) leukocytes; R) reticulo- 


Arrow shows the time of the operation. 





rovascular bundle and going to the duodenum were cut; 
the adventitia was carefully removed from the vessels, 
which were then smeared with a10% phenol solution. A 
layer of the serous membrane was annularly resected 
from the region where the pylorus meets the duodenum, 
and this section was also smeared with the 10% phenol 
solution, The control operation involved dissecting out 
the vessels and nerves of the same region. 


EXPERIMENTAL RESULTS 


The fluctuations in the blood indices of all the ani- 
mals were slight before the operation (Fig, 1 and 2, to 
left of arrow). 

The development of slight, short-lived anemia of 
the hyperchromic type, lasting 3-4 weeks, was observed 
after the control operation, All the blood indices returned 
to the original figures about the end of the first month 
and did not subsequently undergo any further change 
(see Fig. 1). 

Substantial and considerable changes in the com- 
position of the blood and bone marrow occurred after 
denervation of the duodenum, On the 2nd-3rd day after 
the operation, the erythrocytes increased 600,000- 
900,000 in number, but then decreased sharply on the 
4th-8th day—by almost 2-3 million, Then, despite great 
fluctuations, the number of erythrocytes began to in- 
crease, in some cases even reaching the normal mini- 
mum; this period lasted 20-50 days, after which the 


number of erythrocytes began to decrease, variably but 
steadily, until at the end of the investigation their defi- 
cit constituted 2-2,5 million, 


The changes in the hemoglobin content reflected 
those in the number of erythrocytes, but the decrease in 
the hemoglobin percent was less marked; the color in- 
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dex, therefore, began to increase gradually, and the 
initial hypochromic anemia was superceded by hyper- 
chromic anemia (see Fig, 2). After the denervation, 
the number of reticulocytes increased from 9 to30%p., 
and a shift of the reticulocytes to the left was observed. 
Towards the end of the second month, during the second 
decrease in the number of erythrocytes, the content of 
reticulocytes returned to the original level and subse- 
quently remained fairly stable (see Fig. 2), 

The osmotic resistance of the erythrocytes changed 
during the first period (minimal decreased 0,06%, maxi- 
mal increased 0,04%), then retumed to the original level 
(Fig. 3). The average erythrocyte diameter first de- 
creased from 5,5 to 5y, then gradually increased to 
6.2 (see Fig, 3), Characteristic changes occurred in 
the size and shape of the erythrocytes: during the ini- 
tial period following denervation, the average volume 
and area of the erythrocytes decreased; the cells be- 
came thicker and microspherocytic in shape; then, dur- 
ing the period in which the development of hyperchro- 
mic anemia was observed, the average volume and area 
of the erythrocytes increased, the thickness diminished, 
and the cells took the form of macroplanocytes, The 
erythrocytometric curve also changed, The index of 
erythrocyte hemoglobin saturation decreased consider- 
ably (see Fig. 3). 

The changes in the erythroid primordium of the 
bone marrow are described by the data presented in the 
Table, which show that erythropoiesis became inhibited 
after the denervation. This general retardation of eryth- 
ropoiesis was attened by disturbance of the maturation 
process in stabe II of erythropoiesis, Therefore, denerva - 
tion of the duodenum led to the development of anemia 
with a characteristic oscillation course, 


Fig. 2, Change in the peripheral blood after denervation of the 
duodenum, Symbols the same as in Fig, 1. 
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Change in Erythroid Primordium of Bone Marrow after Denervation of Duodenum (in % 
of 100 Bone Marrow Cells) 
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Fig. 3. Characteristic curves of the blood picture after denervation of the duodenum, 
a) Osmotic resistance of erythrocytes (1-maximal, 2-minimal); b) average erythrocyte 
diameter (in microns); c) index of erythrocyte hemoglobin saturation; d) erythrocyto- 
metric curve (N-before operation, A-during anemia); e) schematic shape of erythro- 
cytes (according to average dimensions); 1-first wave of anemia, 2 -second wave of 
anemia, 





During the first month following the operation, hypo- 
chromic, microcytic anemia of the regenerative type 


developed, Then hyperchromic, macrocytic anemia of 
the hyporegenerative type developed. The biphasic char- 
acter of the anemia indicates diverse causes of its devel - 
opment. The first wave of anemia, hypochromic and 
microcytic in nature, was attended by marked reticulo- 
cytosis, a shift of the red blood to the left and great leuko- 
cytosis, Microspherocytosis and typical changes in the 
osmotic resistance were observed, All these changes de- 
veloped under conditions of active erythropoiesis and 
were very typical of the hemolytic form of anemia, Simi- 
lar, but less pronounced, changes were observed after the 
control operation, It would therefore appear that the ini- 
tial mechanism of development of the anemia was the 
same with both denervation and the control operation and 
was caused by intensified hemolysis of the blood, 

What are the reasons for intensified hemolysis? Every 
operative intervention is to some extent an injurious fac- 
tor to begin with. The tissue in the vicinity of the de- 
nervation becomes a focus of intensified afferent impulsa- 
tien, which produces a state of excitation in the central ner- 
vous system, and this, in turn, increases the activity of 
other systems, the blood system included (active erythro - 
poiesis, reticulocytosis, leukocytosis), The intensification 
of the hemolytic processes is evidently stronger than that 
of the hemopoietic [5]. The spleen, which as the most 
labile organ in the blood system is considerably more sen- 
sitive to nervous influences, is irritated to a greater extent 
than the bone marrow tissue, It should be realized, how- 
ever, that this mechanism cannot continue for long periods. 
The traumatic sequelae pass, and the original composition 
of the blood is restored. We believe this to be the mech- 
anism of development of the anemia observed during the 
initial period after the operation. 

Denervation stops the constant tonicizing impulsation 
from the intestinal receptors to the central nervous system 
and interrupts the efferent impulses. This diminishes the 
activity of the central nervous system apparatuses and weak - 
ens their inhibitory influence so that the blood system is, 
in a manner of speaking, “disinhibited” (8). Under these 
conditions, the hemolytic function of the spleen is evident- 
ly intensified [5]. Of course, the disturbances induced in 
the central nervous system are not confined to the above. 

The more or less identical character of the changes 
in the blood and bone marrow pictures after the control 
operation and during the initial period following denerva- 
tion of the duodenum gives reason to believe that these 
changes were general in nature and cannot be considered 
to be specifically associated with denervation of the given 
organ. However, qualitatively new changes occurred soon 
after the first wave of anemia ended: a second, more stable 
and pronounced wave developed, this time of hyperchromic 


macrocytic anemia of the hyporegenerative type. There 
were no signs of hemolysis, and a low level of hematopoic- 
sis was typical (see table). This could have been due to 
disturbance of the relevant efferent influences on the muco- 
sa of the digestive tract from the central nervous system 
(8). Disturbance of the relevant humoral mechanisms is 
also possible [10]. Therefore, during the second phase of 
development of anemia in the blood system, qualitatively 
new changes occurred which can be considered to be speci- 
fic, associated with denervation of the duodenum, 


SUMMARY 


The effect of duodenal denervation upon the blood 
system was studied in conditions of chronic experiment 
(5-6 months) in 8 male cats, Six control male cats were in- 
vestigated simultaneously, Two waves of anemia develop- 
ment were observed: the first-hypochromic, microcytic 
anemia of regenerative type; the second-hyperchromic, 
macrocytic anemia of hyperegenerative type. Some possi- 
ble mechanisms of biphasic anemia development are dis- 
cussed, 
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In investigations carried out on ten male dogs, three 
to four years of age, we established the dynamics of change 
in certain hemodynamic indices during the development 
of experimental cholesterol atherosclerosis and compared 
them with biochemical, pathologicoanatomic and histo- 
logical data (3, 4). 

This article presents the results obtained from inves - 
tigations carried out on dogs after the animals had been 
fed cholesterol and 6-methylthiouracil for a 120-day 
period. The purpose of these experiments was to demon- 
strate the dynamics of the involution of functional and 
morphological changes caused by experimental athero 
sclerosis, 

To this end, we continued to examine the dogs by 
every method at our disposal after the termination of the 
cholesterol and 6-methylthiouracil feeding period. 

A month after we discontinued feeding the above 
substances to the animals, the general condition of the 
dogs began to improve gradually. The animals became 
more alert to their surroundings and considerably more 
active, and the hypothyroid symptoms decreased quite 
sharply. Dyspnea developed less frequently. 

Cholesteremia decreased considerably, but continued 
to exceed the original levels, being on the average, dou- 
ble the latter, The maximal arterial pressure continued, 
as in the primary experiment, to vary from measurement 
to measurement. Some improvement was observed in the 
indices of the ballistocardiograms and electrocardiograms. 
An increase was observed on the ballistocardiograms in 
the amplitude of the waves, which was decreased during 
the feeding period, while the electrocardiograms showed 
an increase in voltage of the waves in all leads, The ex- 
pansion rate of the pulse wave in the dogs did not change 
after we stepped feeding them cholesterol and 6-methyl- 
thiouracil. 

From the works of N. N. Anichkov's school [1] and 
those of other researchers [5], it is known that the vascular 
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changes which develop in experimental cholesterol athero- 
sclerosis of rabbits and dogs undergo involution and, 
therefore, that atherosclerosis is a reversibic piuvcess, On 
the basis of this very important concept, complex inves- 
tigation of two dogs of the same series was continued for 
six months;the administration to them of cholesterol and 
6-methylthiouracil was then discontinued, 

We continued for six months to record the electro- 
cardiogram (in three standard leads) and the ballistocar- 
diogram, to determine the spread velocity of the pulse 
wave and to measure the maximal arterial pressure be- 
fore and after the infliction of a physical load on these 
dogs (No, 9 and No, 10), The physical load inflicted con- 
sisted of a five minute run on a treadmill , the belt of 
which moved at a rate of 6.5 km/hr. We continued regu- 
lar determinations of the cholesterol content of the ani- 
mals’ blood (using Grigo's method), 

Definite signs of the involution of atherosclerosis 
were observed during our six-month observation of dogs 
No. 9 and No, 10, The dogs became lively and cheerful; 
they reacted to changes in their environment and showed 
signs of playfulness. The weight of the dogs (Table 1), 
which had decreased during the feeding period, began to 
increase slowly, but six months after the end of the feed- 
ing period was still 1,5-2 kg less than it had been before 
cholesterol feeding. 

The cholesterol content of the blood remrned to the 
original levels two months after the end of the feeding 
period and then remained stable from this time on (Table 
2). The maintenance of an increased level of cholestere- 
mia for a considerable period following the end of the 
cholesterol and 6-methylthiouracil feeding period is inter- 
esting. 

The persistence of hypercholesteremia for two months 
after the administration of cholesterol to the experimen- 
tal animals was discontinued indicated, in our opinion, 
that this condition was not caused simply by the orgar 





TABLE 1, Weight of Dogs (in kilograms) during Involution of 


Atherosclerosis 


Weight 
at end of| after 1 


feeding | month 
period 


Animal 


TABLE 2, Cholesterol Content (in mg%) in the Blood of 
Dogs during Involution of Atherosclerosis 


End of} Months following _ 


Animal ffeed- | | 
ing 

Ne. Peiodl 

! 


9 504 
10 240 


216 | 180 
180 | 168 


ism's increased intake of cholesterol. The organism's 
reaction to the cholesterol overload was evidently associ- 
ated with a more profound disturbance of the animal's 
metabolic processes, primarily, the processes of lipoid- 
cholesterol metabolism. During the initial period follow- 
ing the end of 6-methylthiouracil administration, how- 
ever, the hormonogenic function of the thyriod gland re- 
mained depressed, so that the cholesterol content of the 
blood could have continued to be increased, 

The maximal arterial pressure continued to fluctuate 
within the physiologic range from experiment to experi- 
ment as it did during the preliminary investigation and 
during the period the animals were fed cholesterol and 
6-methylthiouracil [3]. No stable increase in the blood 
pressure was observed, although it usually increased some- 
what after the treadmill run, 


Fig. 1. 


Change in weight after feeding period 


after 2 


After the cholesterol and 6-methylthiouracil feed- 
ing of the animals was stopped, the dogs’ ballistocardio- 
grams, which had shown considerable changes during the 
feeding period [4], approximated the original indices 
more rapidly and more completely than did the electro- 
cardiograms, 


Six months after the animals were last fed the ex- 
perimental substances, their ballistocardiograms were 
still somewhat flattened (Fig. 1), The electrocardiograms 
of these dogs continued, as during the feeding period , to 
differ considerably from the initial recordings (Fig, 2). 


The electrocardiogram continued to show the inver- 
sion of the T wave in the second and third leads, flatten- 
ing of the P wave and biphasic state of these waves, and 
these were particularly marked after the physical load. 
According to the ballistocardiographic data, therefore, 
normalization of the contractile function of the myocar- 
dium occurred more fully and rapidly than was evident 
from the electrocardiograms, in which the changes re- 
mained considerable, These facts aze very important to 
the prognosis of the clinical course of atherosclerosis. 
During the six-month period of involution of the athero- 
sclerotic changes, the spread velocity of the pulse wave 
continued to be, as before, 7.05-10.8 m/sec [4]. 

Dogs No. 9 and No, 10 were killed at the conclusion 
of the experiment. 


Change in direct ballistocardiogram of heart rate of dog No, 9 under the different 


experimental conditions. a) Before feeding; b) during feeding; c) six months after the 


administration of cholesterol and 6-methylthiouracil was stopped. 


Curves (from top 


to bottom) represent: ballistocardiogram; lead Il of ECG; respiration; time in */, - 


second marks. 





Fig. 2, Electrocardiogram of dog No, 9 under different experimental 
conditions. a) Before feeding; b) during feeding; c) six months after 
the administration of cholestrol and 6-methylthiouracil was stopped, 
Curves (from top to bottom) represent; ballistocardiogram; lead II of 
ECG; respiration; time in */,-second marks. 


Pathologico-anatomic and histological investigations 
of the cardiovascular system and internal organs of these 
dogs, performed six months after the end of the cholester- 
ol and 6-methylthiouracil feeding period, disclosed that 
all the changes found earlier in the other animals of this 
series were considerably less pronounced in these two dogs 
(3). The small quantity of atherosclerotic plaques found 
on the internal surface of the aorta, carotid and other 
arteries contained very little fat and were observed to be 
in a state of cicatrization, The fat deposits had disap- 
peared almost completely from the internal organs, The 
microscopic picture of the thyroid gland, which(in the 
other dogs of the series and the dogs of the control group 
which had received 1.5 g of 6-methylthiouracil apiece) had 
a characteristic structure during the administration of 
6-methylthiouracil [3], was fully normalized. Slight 
sclerotic changes were observed in the liver; still less ex- 
pressed sclerotic changes were found in the heart muscle, 
The latter explain the presence of stable changes on the 
electrocardiograms of these dogs six months after the last 
feeding of cholesterol and 6-methylthiouracil to the ani- 
mals, 

Macroscopic and microscopic morphological inves- 
tigations, performed a month after the last cholesterol 
and 6-methylthiouracil feeding, showed a picture of ex- 
tensive atherosclerosis in all the animals of this series [3]. 


SUMMARY 
Over a six-month period following the end of 


the cholesterol and 6-methylthiouracil feeding period, 
the ballistocardiographic changes in dogs went back more 
rapidly and more completely to the initial level than the 
electrocardiographic changes, 

Pathological and histological investigations of the 
cardiovascular system and internal organs of these animals 
showed involution of atherosclerotic lesions. 

High blood cholesterol 2 months after the administra- 
tion of cholesterol was stopped points to important met- 
abolic damage, 
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The purpose of this work was to trace the changes in 
the acid-base balance and the blood catalase indices in 
peritonitis associated with blood loss, The presence of 
this type of data affords the opportunity of explaining the 
pathogenesis of these two pathological processes. 

The work was carried out on 35 rabbits. The entire 
experimental stock was divided into three series, In the 
first series (10 rabbits) we studied the indices associated 
with peritonitis. In the second series (20 rabbits) we stud- 
ied the same indices in association with peritonitis plus 
the loss of 15% of the blood volume, The third series (5 
rabbits) served as the control to the blood loss factor. The 
animals were maintained for three days under identical 
regimes and diets, and their temperature, leukocyte count, 


hemoglobin in percent, erythrocyte count, blood catalase 
and alkaline reserve were all determined prior to the be- 
ginning of the experiment, After the investigations were 
performed in the rabbits of the first and second series the 
operative field was prepared and a laparotomy executed 
under local anaesthesia (10-15 ml of 0.5% novocaine sub- 
cutaneously), A perforation was made in the stomach, 
using a rod 0.3 cm in diameter that was first heated "red 
hot.” With this, the contents of the stomach poured out 
into the peritoneal cavity. One billion microbial bodies 
from a one-day-old culture of a virulent strain of Staph- 
ylococcus aureus, seeded from the purulent exudate of 
patients, were introduced into the lumen of the stomach 
via the perforation, The same microbial emulsion, intro- 


The Change in a Number of Blood Indices (in Average Numbers) Observed in Rabbits 
with Peritonitis, Peritonitis in Association with a Blood Loss of 15%, and a Blood Loss 


without Peritonitis 


Body 
temper- 
ature 


Experimental 


conditions tosis 


Original state 382° 


Peritonitis 39, 4° 


Original state 38 , 8° 


Peritonitis and 
15% blood loss 


39, 6° 
(+9.8°) 


Second 


Original state 29, 4° 
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(—0,2°) 


15% blood loss 


without periton 
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Leukocy 
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24 650 72 
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duced subcutaneously into a rabbit, caused necrosis and 
pustular inflammation of the cellular tissue, and, when 
injected intravenously, death. The wound in the perito- 
neal cavity was sutured tightly. In addition, in the ani- 
mals of the second and third series the needle of a syringe 
was inserted into the cavity of the heart and blood was 
withdrawn up to an amount representing 15% of the total 
blood volume, The original amount of blood in this case 
was taken to be */,sth of the animal's weight. The re- 
sults of the blood loss were evaluated by the changes in 
the quantity of hemoglobin and the number of erythro- 
cytes in the blood. The temperature and blood leuko- 
cytosis served as indices of the development of the in- 
flammation. Catalase was determined by the method of 
Bakh and Zubkovaya; alkaline reserve was measured by 
the method of van Slyke. The animals, prepared in this 
manner, were again subjected to the determinations after 
24 hours. The results obtained from these studies are pre- 
sented in the table. 


EXPERIMENTAL RESULTS 


As can be seen from the table, the peritonitis caused 
by this method was accompanied by an elevation in the 
temperature and the leukocyte count, a lowering of the 
erythrocyte count, the blood catalase index and the blood 
alkaline reserve, In the case of peritonitis in association 
with a loss of 15% of the total blood volume the eleva- 
tion in the temperature and the leukocyte count was less 


marked, while the remaining indices (erythrocyte count, 
percent hemoglobin, blood catalase index and alkaline 
reserve) underwent more appreciable changes, In the 
animals of the third series, which were subjected to only 
the blood loss, the temperature even fell slightly; the 


rest of the indices changed even less significantly than 

in the second series, Inflammation and blood loss by 
themselves caused a lowering of the blood catalase, The 
combination of inflammation (peritonitis) with blood loss 
was accompanied by a lowering of the blood catalase that 
was almost twice as strong as that caused by either peri- 
tonitis or blood loss alone. We noted similar changes in 
connection with the blood alkaline reserve. 

On the basis of the data we obtained it may be con- 
cluded that peritonitis in association with blood loss and 
blood loss alone diminish the body temperature the leu- 
kocyte count, the percent hemoglobin, and the erythro- 
cyte count. 

Lower values are observed for the catalase index and 
the alkaline reserve in rabbits with peritonitis plus blood 
loss, 

The reactivity of the animals with peritonitis com- 
plicated by blood loss differs from the reactivity of ani- 
mals in which the blood loss did not take place. 


SUMMARY 


The loss of 15% of the blood volume accompany- 
ing infectious peritonitis weakened the leukocytic and 
the temperature reaction in rabbits and decreased the 
phagocytic activity of leukocytes. In rabbits with blood 
loss and peritonitis there were less leukocytes in the peri- 
toneal exudate than in those without any such loss; there 
was a rise of the acidity and protein level in the exudate. 
Arterial pressure dropped (both spontaneously and after 
intravenous administration of the exudate) ~Mmore so in 
peritenitis complicated by blood loss than in an uncom- 
plicated one, 
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According to investigations carried out in our labora- 
tory, the cell nuclei of tumor tissues actually differ in 
protein and nuclein composition from the nuclei of nor- 
mal cells (3-7, 12, 13], These differences are not found 
in nuclei isolated from the cells of embryonic tissues [4, 
6, 7, 12]. A number of authors have mentioned the dif- 
ference in deoxyribonucleoprotein complexes ( DNP) of 
tumors [11, 12], which are evidently due to the relatively 
high content of nonhistone, tryptophan-containing pro- 
teins, 

The characteristics of the tumor nuclear nucleopro- 
teins have been demonstrated by immunological methods 
[10, 11]. Also, in tumors some differences are observed 
in the properties of histones [15]. 

These investigations indicate that the nuclear nucleo 
proteins of tumors differ from the normal, which may be 
very significant for the nature of tumor growth. It should 
be remarked, however, that the above results were ob- 
tained by different methods which were not always re- 
liable. The composition of the nuclear nucleoproteins 
depends to a great extent on the method of their isola- 
tion [17], and the preparation of DNP in the native state 
is of no little difficulty (2, 14]. 

The investigations of Vendrely and co-workers show 
the homogeneity in DNP composition of different tissues, 
but a great difference is found in this depending on the 
presence of histones or protamines in the composition of 
DNP [19, 22). 

Considering a number of deficiencies in method in 
the earlier experiments, chiefly connected with the meth- 
od of obtaining the isolated nuclei (21],which could result 
in a change in the DNP composition, we studied the nu- 
clear nucleotides of some tissues, isolating the nuclei and 
DNP preparations exceedingly carefully in an at- 
tempt to preserve the original composition. In the study 
mentioned [9] we succeeded in showing that DNP samples 
from different organs of the rat and chick scarcely differ 
from each other in many respects, but have a different 
composition from the DNP of sturgeon sperm, which con- 


tains protamines, The composition of the DNP which we 
obtained differed, however, from that in the investigations 
of the above mentioned authors [19, 20]. 

In the present work we have studied the DNP obtained 
from isolated cell nuclei of some primary tumors and from 
chick embyros. 


METHOD 


We studied DNP obtained from isolated cell nuclei 
of whole chick embryos on the seventh and eleventh day 
of incubation, the liver of 19-day chick embryos, the cells 


of Ehrlich ascitic tumor of mice (on the seventh day after 
transfer) and of Walker rat carcinosarcoma 256, The cell 


nuclei were separated by the two-step sucrose- glycerophos- 
phate method [1]. The nuclei from the tumors contained 


a pyroninophilic residue, evidently of cytoplasmic origin. 
Therefore the nuclei from the Ehrlich ascitic tumor cells 
were partially separated by the method of-osmotic shock 
(18). 

According to the method which we have described 
(8, 9] the globulin fraction is fully removed from the iso- 
lated nuclei, and then the DNP is extracted and precipi- 
tated by dilution with water [9]. 

Analysis of the resulting DNP preparations was carried 
out in the same way as in the work mentioned [9]. 


RESULTS 


The composition of the DNP is given in Table 1 in 
percentage of the DNP preparation under conditions of 
16% nitrogen content, The nitrogen content was deter- 
mined on the air-dried preparation. 

The content of diamaino acids in the DNP preparation 
is given in Table 2, 

The results which we obtained showed that DNP from 
chick embryos in practice does not differ from the earlier- 
studied DNP from 11-day chick embryos, liver of 19-day 
embryos and adult chickens, and DNP of rat organs [9]. 
Like the DNP mentioned, the nitrogen/ phosphorus ratio is 
here 4,0-4,8, the DNA content does not exceed 40%, the 
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TABLE 1. Composition of DNP Separated from Isolated Nuclei (in Percent of DNP Con- 


taining 16% Nitrogen) 





| Nitro} Phos- 
phorus 


Source of preparation gen 


ot 


1 day whole chick 
embryo 

11 day whole chick 
embryo. 

Liver of 19 day chick 
embryo 

Walker carcinoma 256 
Erlich ascitic tumor: 
sucrose -glycerophosphate 
method 


osmotic shock method 


No. moles 
arginine per 
atom DNA 
phosphorus _ 


0,38 
40.2 


38.5 
46.3 


46.5 
41.1 
52.0 ’ 
51.7 | 10. 


TABLE 2, Content of Diamino Acids in DNP Obtained from Isolated Nuclei 


No, g amino a 


: i id 
cid per |No, molecules amino aci 


100 g DNP contg. 16%| Pet atom DNA phosphorus 


Source of preparation 


Arginine 


- oo: | Lota 
Histi-| diami- 


dine |no acids 


an Histi- a 


dine | ine 





7 day whole chick 
embryo 


11 day whole chick 


FVePS 19 day chick 
embryo: ** - -: 
Walker carcinoma 256 
Ehrlich ascitic tumor: 


sucrose -glycerophosphate 
method 


osmotic shock method 


DNA/ arginine ratio is 5,0-5.5, and there is about 0.35 
mole arginine per atom of DNA phosphorus, 

DNP obtained from tumor nuclei was less constant in 
composition, The first three preparations, the DNP ob- 
tained from Walker carcinoma , the Ehrlich ascite 
tumor cells obtained using sucrose - glycerephosphate 
and that from the ascitic tmor obtained by the osmotic 
shock method ,were close in composition to “normal" and 
“embryonal” DNP. They differed in having a higher 
DNA content and somewhat less arginine, Corresponding- 
ly, the nitrogen/phosphorus ratio was somewhat lower, and 
the DNA/arginine somewhat higher. Per atom of phospho- 
rus, there was a somewhat smaller number of moles of 
arginine, These differences were small and the smali 
number of DNP preparations and the considerable differ- 
ences between them did not create assurance of the signi- 
ficance of these differences. The differences between the 
preparations might depend on the fact that they were ob- 
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0.924 
0.760 


0. 362 
0.297 


0.490 
0.403 


0.072 
0.060 


0, 258 
0,325 
0,360 
0.376 


0,372 
0.470 
0.513 
0.576 


0.054 
0,062 
0,058 
0.041 


0,684 
0,857 
0.931 
0.993 


tained by one method from different tumors and by differ- 
ent methods from one tumor, Nevertheless, this result 
shows the necessity for a more careful comparison of the 
composition of tumor and normal DNP. 

On the other hand, the last two preparations, obtained 
from the nuclei of Ehrlich ascitic tumor cells isolated by 
the method of osmotic shock, actually differed in high 
content of DNA, arginine, and lysine, low nitrogen/ phos- 
phorus ratio and large number of total diamino acids per 
atom of phosphorus of DNA. It should be noted that in 
obtaining these two preparations the DNP solution had a 
relatively low viscosity, and when diluted with water 
precipitated only a small amount of DNP. This fact 
leads us to assume that the last two preparations have 
undergone a partial splitting, probably because of break - 
down of the nonhistone protein, The assumption certain- 
ly requires testing, but there are a number of indications 
in the literature of considerable changes in DNP composi- 





tion with modification of the method of its separation [17] 
and also with its reprecipitation by dilution with water 
(12). 

Thus, in the present study on the materials of DNP 
of chicken embryos we have confirmed the conclusions 
of our previous work [9] both as to the homogeneity of 
DNP of different tissues and the fact that origifial DNP has 
per atom of DNA phosphorus 0.8-0,9 mole of diamino 
acids, This value agrees with the data of Davison and 
Butler [16] and considerably exceeds the value of 0.65 
mole of diamino acids given by Vandrely [20], Though 
the results of our work for tumor DNP do not show a dif- 
ference in its composition, yet they indicate with great 
probability the possibility of such differences, Our results 
also confirm the difficulty of separating DNP in theorig- 
inal state and the existence of differences in DNP com- 
position depending on the method of obtaining the cell 
nuclei, This fact is evidently the reason for the varia- 
tions in literature data on the composition of DNP and 
the peculiarities of tumor DNP. 

The explanation of the individuality of composition 
of tumor DNP can be very important for the pathogenesis 
of malignant tumors. The evidence for such differences 
requires surmounting a number of methodological diffi- 
culties, 


SUMMARY 


Deoxyribonucleprotein (DNP) obtained from iso- 
lated cellular nuclei of chick embryos as well as the DNP 
of the liver of adult hens and ratscontained 40% of DNA 
(the ratio DNA/ arginine being 5,0-5.5 with 0,8-0,9 
moles of diamino acids per atom of DNA phosphorus). 
Tumor DNP's differed in having a higher content of 
DNA and a lower percentage of arginine, In two samples 
with low viscosity and probably degraded, the DNA and 
diamino acidcontent was particularly high, which stresses 
the dependence of the composition of the DNP on the 
conditions under which it is obtained, 
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The problem of the effect of various sections of the 
nervous system on the secretory function of the salivary 
glands has been studied in considerable detail. Less stud 
ied has been the effect of the nervous system on the 
metabolic processes which occur in the gland tissue (2, 
4,5, 19, 23-27], This is especially true of protein meta 
bolism, which plays an important part in the secretory 
processes of the gland (7, 8, 10, 21]. In addition, the 
study of nitrogen metabolism of the salivary gland and 
its regulation by the nervous system is of great value for 
the understanding of the mechanism of secretion, 

The problem of the present work is the investigation 
of protein metabolism in the submaxillary salivary gland 
and its comparison with the secretory function of this 
gland after destruction of its connection with the central 
nervous system by section of the chorda tympani. 


EXPERIMENTAL METHOD 


The experiments were carried out on the submaxil- 
lary salivary glands of cats. We ran several series of ex- 
periments with 20-30 animals in each, Parasympathetic 
denervation (one or both sides) was carried out in the 
same way as in a number of other studies by sectioning 
the chorda tympani where it is given off from the lingual 
nerve and goes to the submaxillary gland [13, 22, 24, 26], 
thus breaking basically the parasympathetic and partially 
the afferent connection with the center. The study was 
carried out on the tissues of the salivary gland and on the 
saliva. Nitrogen content of the saliva was studied in cats 
with a submaxillary gland fismla. Exposure of the duct 
was carried out by the method of A. M. Ugolev [9]. Tissue 
proteins were studied in the gland removed rapidly after 
decantation of the fluid. The gland was weighed, frozen 
with dry ice (to reduce the action of tissue enzymes) and 
ground to a fine powder, All further treatment of the 
tissue was carried out in the cold. A sample of tissue was 
ground in a mortar, homogenized in a glass homogenizer 
in a 0,2% solution of KH,PO, with pH 5.33 (2.5 ml of solu- 
tion per g of wet tissue), Then the homogenate was cen- 
trifuged for 10 minutes at 5000 rpm. In the resulting 
water-salt extract we determined the total nitrogen (by 
Kjeldahl), mucin nitrogen (by the method of Anrep [10] 
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and Kazakova [6]), and the amount of nitrogen in other 
proteins, not precipitated with mucin, For precipitation 
we used 7% CClyCOOH. 

To characterize the protein fractions we determined 
in them after hydrolysis with 2 N HCl at 100° for 4 hours 
the content of amino sugars by the method of Elson and 
Morgan [12] and the pentosuria method[3], and also the 
amount of reducing substances by the Hagedorn method. 


RESULTS 


The study of the tissues and saliva of the submaxil- 
lary gland after unilateral denervation was carried out on 
the 8th, 14th, and 21st days and after bilateral denerva- 
tion, only on the 21st day after sectioning the chorda 
tympani. We chose the latter period because at this 
time there occur in the gland the greatest changes in its 
secretion (2, 11, 18, 20]. 

Sectioning the chorda tympani caused a short reflex 
formation of saliva on eating meat. In our experiments, 
as in those of Emmelin and Muren [13-16] the “paralytic” 
secretion of saliva was absent. 

In the table we give the average data for each series 
of experiments. As controls for the denervated gland we 
used the glands of intact cats. 

The content of nitrogenous substances was calculated 
per g of dry tissue and per weight of the whole gland. As 
the table shows, on the 8th to 9th day after unilateral sec- 
tioning of the chorda tympani the denervated gland does 
not show any marked differences in weight, amount of 
solid residue, or nitrogen content of its tissues, Later on 
after the denervation there was progressive fall in weight 
of the gland, The amount of solid residue decreased on 
the 14-15th day and remained small on the 21st day after 
denervation, In the tissues of the denervated gland the 
content of total nitrogen and mucin nitrogen, calculated 
per g of dry weight, was higher than in the tissues of the 
glands from intact cats (50,1 mg of mucin nitrogen on 
the 14th day after denervation, 45.6 mg on the 21st day, 
and 38.6 mg in the intact cats), The content of protein 
which did not precipitate with the mucin decreased on 
the 14-15th day after denervation, On the 21st day it 
was within normal limits. 
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We must note that although the contralateral gland 
differed little in weight and quantity of solid residue 
from the gland of the intact cats, the content of mucin 
nitrogen in the extracts of these tissues was considerably 
higher than in the tissues from the glands of intact cats, 

The increased content of nitrogenous substances 
which we found in tissues of denervated glands on the 
21st day after unilateral sectioning of the nerve wasstill 
more marked in this period with bilateral denervation. 
The content of mucin nitrogen in the tissues of these 
glands rose to 52,5 mg (in unilateral denervation, 45.8 
mg; in intact cats, 38.6 mg). 

Thus, from all these experiments with unilateral and 
bilateral sectioning of the chorda tympani we can demon- 
strate the accumulation of mucin nitrogen in the tissues 
of the denervated glands, Evidently this is due to the 
absence of consumption of protein, since after denerva- 
tion there is neither reflex nor "paralytic" secretion, 


In order to follow the manner in which denervation 
acts on the function of the gland, we studied the secre- 
tion of this gland after injection of pilocarpine (0.75 mg 
per kg weight of animal) before and after section of the 
chorda tympani. 


The study was carried out on 12 cats with fistulas of 
the submaxillary glands. Saliva was collected with a 
small funnel attached by Mendeleev cement at the point 
of emergence of the duct, Every 30 min we observed the 
amount of saliva and determined its content of total ni- 
trogen and mucin nitrogen. In these expcriments the 
change in secretory activity of the denervated gland was 
most sharply shown with bilateral section of the chorda 
tympani. 

In the figure we give different typical experiments. 
The action of pilocarpine on glands with severed chorda 
tympani decreased the latent period to 3-5 min com- 
pared to a latent period of 14-15 min in these glands be- 
fore denervation. The latent period of the contralateral 
glands as a result of unilateral denervation did not change 
and was the same as in glands which retained their inner- 
vation (14-15 min). 


When pilocarpine acted on the denervated glands it 
was found, just as in the experiments of Pierce and 
Gregersen [22], that there was a shift in maximum forma- 
tion of saliva: before sectioning the secretory nerve, the 
greatest quantity of saliva in response to a pilocarpine 
injection occurred in the second half hour of secretion: 
and, after sectioning, in the first half hour. The total 
amount of saliva formed after injection of pilocarpine 
after 17/, hr secretion was the lower, the greater the peri- 
od of time which passed after denervation (see figure, 
black columns), This was also observed by Vulpian [28] 
and by Langley [20]. However, the amount of total ni- 
trogen (see figure) and mucin nitrogen isolated from 
saliva in the time of secretion after injection of pilocar- 
pine was considerably greater in the entire period of de- 


nervation (8th, 14th, 21st day) than before denervation 
of these glands under the same action of pilocarpine. 

rhe increase in content of mucin nitrogen in unilat- 
eral and bilateral denervation probably is connected with 
an increase in sympathetic influence which, as is known, 
occurs in parasympathetic denervation of the glands [2, 
15, 17). 

Thus, the study of the secretory function of the de- 
nervated glands has shown that the glands after sectioning 
of the chorda tympani in response to the action of pilo- 
carpine form less saliva, but saliva with a greater con- 
tent of nitrogenous substances than before the operation. 


The high content of protein in the saliva formed 
after injection of pilocarpine into denervated glands leads 
to an understanding of the amount in the tissues of these 
glands, The more mucin that is excreted with the saliva, 
the less of it remains in the gland tissue, This is particu- 
larly clear after bilateral denervation of the gland (the 
content of mucin nitrogen in the tissues falls from 52.5 
mg to 29,3 mg) and after an hour's action of pilocarpine 
on the denervated gland of an animal with unilateral sec- 
tioning of the nerve (from 45.6 to 32,4 mg). After two 
hours action, the content of mucin nitrogen in the tissues 
of denervated glands with unilateral denervation decreases 
only slightly (from 45.6 to 42,2 mg). This is apparently 
connected with the fact that the excretion of mucin with 
the saliva occurs especially in the first hour of secretion 
(see figure), 


During the second hour of secretion, with injection 
of pilocarpine there is formed a liquid low in the nitro- 
genous substances of saliva (see figure, upper part of the 
columns), These facts allow us to suggest that the con- 
tent of protein in the tissues after, two hours‘ secretion on 
pilocarpine, strongly reflects the restoration of the mucin 
lost in the first hour of secretion, 

Under the influence of pilocarpine on the denervated 
glands, in their tissues, just as in the tissues which have 
retained their innervation, there is a strong increase in 
the amount of protein nitrogen which does not precipitate 
with mucin (see table). We showed previously [1] that 
the appearance of this protein is connected with strength - 
ened secretory activity of the gland. This protein gives 
reactions characteristic for glucoproteins, to which group 
submaxillary mucin belongs, but in its ability to be pre- 
cipitated and in its content of amino sugars, pentoses, 
and total reducing substances, it differs from mucin (see 
table). The increased content of this protein can be com- 
pared with the data of histological study of denervated 
glands after the action of pilocarpine [16], The authors 
have shown an increase of serous cells and a raised con- 
tent in them of secretory granules, 

Thus, al] of the experiments run with the action of 
pilocarpine on denervated glands show that denervation 
does not decrease the synthesis of proteins and the ex- 
cretion of the salivary glands, but,as compared with in- 
tact glands,changes the intensity of metabolic processes 
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Change in secretion and amount of nitrogenous substances of saliva after in- 
jection of pilocarpine before and after denervation of the submaxillary gland. 
1) Secretion of saliva (in ml) before denervation; 2) secretion of saliva by the con- 
tralateral gland; 3) secretion of saliva after unilateral denervation; 4) secretion of 
saliva after bilateral denervation: Black columns~total amount of saliva formed 
after two-hour secretion with pilocarpine. Slanted line columns—content of total 
nitrogen (in mg) in this saliva. White columns—content of mucin nitrogen, Lower 
part of all columns (lower cross-hatched part)-amount of saliva, total nitrogen, and 
mucin nitrogen formed in first-hour secretion with pilocarpine. 


and their relation to each other in response to the same 
stimulation, 


SUMMARY 


The author studied the influence of unilateral and 
bilateral section of the chorda tympani on the protein 
metabolism and the secretory function of the submaxil- 
lary salivary glands in cats, The reflex and the “paralytic” 
secretion in the denervated glands was absent. The ni- 


trogen content of mucin in the tissues of these glands 
increased, 


Changes in protein metabolism and in the secretory 
activity of the glands were more marked with bilateral 
denervation, Denervation did not stop secretion and syn- 
thesis of protein. Administration of pilocarpine caused 
typical changes in the salivary secretion and in the con- 
tent of nitrogenous substances in the saliva and in the 
tissue of the salivary glands: 1) thelatent period decreased; 
2) the maximum quantity of the secreted saliva was 
changed; 3) after denervation the total amount of saliva 
secreted in 2 hours decreased( the content of the nitro- 
genous substances, however, was much higher than before 
denervation);4) after pilocarpine the nitrogen content of 
mucin in the tissues of the denervated glands decreased 
and the content of protein which was not precipitated 
with mucin and which is typical of an actively secreting 
gland increased, 
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Thus, the parasympathetic denervation alters pro- 
tein metabolism and the secretory function of the sub- 
maxillary salivary glands in cats, 
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It was shown in an earlier study that in ammonia 
intoxication which developed in warming animals, car- 
bon dioxide gas has a good therapeutic effect, In the 
present work we give results of experiments on the study 
of the effect of carbon dioxide gas on the concentration 
of ammonia, glutamine, and urea in the blood in animals 
with ammonia intoxication developed after injection of 
a solution of ammonium chloride. 


EXPERIMENTAL METHOD 


The experiments were carried out on 29 rabbits, The 
solution of ammonium chloride was injected subcutaneous - 
ly in doses of 0,1, 0,25, 0.4, and 0.5 g per kg. In order 
to determine the effect of carbon dioxide gas on the blood 
content of the nitrogenous components studied, the rabbits 
were placed for one hour in a special glass chamber with 
capacity of 500 liters, The concentration of carbon diox- 
ide gas in the chamber was 7-8 %; the oxygen concentra - 
tion was 18,5-19.5% 

Blood was taken for study from the marginal vein of 
the ear. In the blood we determined: ammonia according 
to Conway, glutamine by the method of Harris, urea by 
the urease method, and pH by the electrometric method, 


RESULTS 


In the first series of experiments we studied the ef- 
fect of carbon dioxide gas on the content of ammonia, 
glutamine and urea in the bloodofintactanimals, The 
blood in the experimental! animals in this series was taken 
before placing them in the chamber with the carbon diox- 
ide gas and immediately after taking them out of it 
The results are given in Table 1, 

As Table 1 shows, an hour's exposure of rabbits in an 
atmosphere with 7-8% carbon dioxide gas does not cause 
a change in the concentration of blood ammonii, gluta- 
mine, or urea, 
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TABLE 1. Effect of Carbon Dioxide Gas on Content 
of Ammonia, Glutamine, and Urea in Blood of Intact 
Animals ( Duration of Keeping in the Chamber with 
the Carbon Dioxide Gas, One Hour) 


Amide N of [Urea nitrogen 
glutamine |,; 

D. : in mg 

in mg’) ( ) 


Ammonia 
nitrogen 


Rabbit No. 


Rie 


After keep- 


ing in 
After keep- 


After keep- 
chamber 
Before 
keeping in 
chamber 


Before keep 
in 
hamber 
ing in 


ing i 
c 


1 
c 


8 


—-Oo=—n 
AAanw 


Average 


In the next series of experiments the rabbits were in- 
jected subcutaneously with ammonium chloride in the 
doses mentioned earlier. Each rabbit was studied twice. 

In one case, after injection of ammonium chloride, the 
rabbit remained under ordinary atmospheric conditions 
(such experiments we called the controls), and in another, 
after injection of the same dose of ammonium chloride, 
the rabbit was at once placed for one hour in the chamber 
with the carbon dioxide gas. The blood in the animals of 
this series was taken before injection of ammonium chlo- 
ride, and one hour and two hours after injection of the so- 
lution, In the experiments using carbon dioxide, the sec- 
ond sample was taken at the moment of removing the ani- 
mal from the gas chamber. The results of the experiments 
are given in Tables 2 and 3, 
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As Table 2 shows, injecting the rabbits with ammonium 
chloride leads to a distinctrise in the concentration of 
ammonia in the blood, The greater the dose of ammonium 
chloride, the greater the increase in the level of ammonia 
in the blood, If, for example, injection of 0.1 g/kg of 
ammonium chloride raises the level of ammonia in the 
blood on the average by 0,23 mg%, then on injecting 0.25 
g/kg,the ammonia level in the blood rises on the average 
by 1.09 mg%, Injection of doses of 0.4-0.5 g/kg lead to 
an increase in ammonia concentration in the blood of 
2-3 mg%, that is, 15-20 fold. 


Corresponding to this, the condition of the experi- 
mental animals is also changed, Small doses of ammonium 
chloride do not cause much change in the condition of the 
rabbits. When higher doses of ammonium chloride (0.25 
g/kg) are injected, the rabbits show an increased irritabil- 
ity, ataxia, convulsions, opistotonos, Injection of ammon- 
ium chloride in doses of 0,4-0.5 g/kg usually leads to 
death of the rabbits. 


Table 2 also shows that if the rabbit, after injection 
of ammonium chloride, is placed for one hour in the cham- 
ber with an increased carbon dioxide content, the raised 
concentration of ammonia in the blood is less apparent 
than in the control experiments, Thus, with injection of 
0.1 g/kg ammonium chloride the ammonia level in the 
blood under conditions of breathing carbon dioxide gas is 
increased on the average by 0,07 mg% (in the control ex- 
periments, as already stated, the ammonia concentation 
in the blood with this dosage of ammonium chloride in- 
creases by 0,23 mg%); with injection of 0.25 g/ kg the 
ammonia concentration in the blood of the experimental 
animals increases by 0.69 mg% (in the controls, by 1.09 
mg%). The ammonia concentration in the blood is con- 
siderably less as compared to the controls in the case of 
injecting fatal doses of ammonium chloride. 


It must be emphasized that breathing air with an in- 
creased content of carbon dioxide gas prevents convulsions 
and death of the rabbits after injection of large doses of 
ammonium chloride. The condition of the rabbits in such 
a Case «loes not as a rule differ much from the normal. 


Itisknown that injection of ammonium chloride into 
an organism leads to the development of a state of acid- 
osis, Therefore it can be assumed that the anticonvulsive 
effect of carbon dioxide gas in our experiments is connect- 
ed with a normalization of the pH. The test experiments 
(Table 2) showed, however, that removal of the acidosis 
which develops under the influence of ammonium chlo- 
ride does not occur when carbon dioxide is breathed. It 
seems to us that the effect can be explained by the neu- 
tralization of ammonia. In confirmation of this we also 
ran control experiments with injection into four rabbits of 
0.25 g/kg of ammonium lactate, a salt which does not 
cause acidosis, Without carbon dioxide gas, the level of 
ammonia in the blood then rose from 0,17 to 0.97 mg% 
while with carbon dioxide breathing the ammonia con- 


centration in the blood of the experimental animals rose 
only to 0.58 mg%, 

The binding of ammonia in the animal organism oc- 
curs basically either by urea formation, or by amidation 
of glutamic acid, Therefore in this work along with the 
study of the variation of ammonia in the experimental 
animals we also determined the content of glutamine 
and urea in the blood, The results are given in Table 3, 
from which it is evident that the level of glutamine in 
the blood after injection of ammonium chloride is in- 
creased, and this effect is more marked in the experi- 
ments with use of carbon dioxide gas, When the animals 
are injected with 0,25 g/kg, the glutamine concentration 
in the blood increases on the average from 0.6 to 1,05 
mg%. If, after the injection of ammonium chloride, the 
rabbits are placed in the chamber with the carbon dioxide 
gas the glutamine concentration in the blood rises on the 
average to 1.31 mg%. 

The content of urea in the blood after ammonium 
chloride injection is also increased. Analysis of the data 
obtained on the same rabbit shows that breathing carbon 
dioxide gas permits a more rapid elevation of urea con- 
centration in the blood even in the first hour after injec- 
ting the solution, 

Thus, on the basis of our results we can conclude 
that breathing carbon dioxide gas after injection of 
ammonium chloride hastens the binding of the ammonia, 
increases the glutamine and urea formation, and prevents 
death of the animals after injection of large doses of 
ammonium chloride (0.25, 0.4 g/kg). 


SUMMARY 


The author studied the influence of carbon dioxide 
on the concentration of ammonium, glutamine, and urea 
in rabbit's blood, He showed that administration of 
ammonium chloride to rabbits in doses of 0.1 g/kg of 
body weight, 0.25 g/kg, 0.4 g/kg and 0,5 g/kg leads to 
a corresponding rise of ammonium, glutamine and urea 
in the blood. When rabbits are placed into a chamber 
containing 7-8% carbon dioxide, ammonium is neutra- 
lized with simultaneous increase in the formation of 
glutamine and urea. Inspiration of carbon dioxide pre- 
vents cramps and death in rabbits after administration of 
large doses of ammonium chloride. 
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There are as yet no data on the effect of the com- 
plex of high altitude factors on the protein composition 
of the blood in humans and animals, 

In cats, severe oxygen deprivation does not cause a 
change in blood protein composition [5]. Prolonged ac- 
tion of atmospheric pressure reduced to 310.8 mm Hg (4 
hours daily for 21 days) in rats causes decrease in the al- 
bumin-globulin coefficient in the serum as a result of 
lowered albumin concentration and a considerable rise in 
the concentration of ag~-globulin, with decreased occur- 
rence of a raised content of other globulin fractions in 
the serum [9]. "Elevation® in a pressure chamber to a 
“height” of 8500 meters and keeping there for three hours 
a day for 15 days caused in dogs a lowered content of 
blood y-globulin [7], Examination of healthy humans in 
mountain regions has not shown any change in blood pro- 
tein composition [8] but under the same conditions phy- 
sical stress causes a lowered albumin concentration and 
a rise in the globulin concentration [6]. 

The present study was designed for the purpose of 
explaining the effect on protein composition of blood 
serum of a move of people from their usual atmospheric 
conditions to conditions of a high altitude climate. 


METHODS 


We determined the protein composition of the blood 
in 12 young individuals of both sexes, completely healthy 
clinically, at Stalinabad (850 m) and under mountain con- 
ditions in Eastern Pamir at an elevation of 4200 m above 
sea level (during the period of the high altitude scientific 
expedition of the Stalinabad Medical Institute from May 
to October, 1958). 

Blood for the study was taken in the morning, direc - 
tly after sleep, on an empty stomach, from the finger in- 
to a centrifuge tube, which was at once stoppered witha 
tightly fitting stopper (to prevent the blood from drying, 
which would be particularly important at lower baromet- 
ric pressures). After the blood had coagulated it was 
centrifuged and the total concentration of protein was 
determined in the serum with an RF-1 refractometer. 
Fractionation of the serum proteins was carried out by 


TABLE 1, Change in Protein Concentration in Human 
Blood Serum (in g-percent) Before and After a Rise in 
Elevation, 


Conditions of After rise 


(4200m) 
First th ourth 


te 
month] month g 


g 
a 
-o~ 
2& 
Ss 
Re 
~—S 


7.3 
0.58 


8.2) 7.7] 7.8 
0.51} 0.47) 0.20 
<0,01| <0.05) <0.05 


Note ; In Tables 1 and 2 the significant difference (P) is 
calculated from the ratio to the initial data in Stalina- 
bad before the ascent, 


paper electrophoresis according to the accepted labora- 
tory method [3]. Statistical treatment of the materials 

of the investigation gave the significance of the variations 
by a differential method [1] according to the indext. 


RESULTS 


In Table 1 we give the statistical treatment of the 
results of the study of total protein concentration in blood 
serum, 

Table 1 shows that during the first month of stay in 
Pamir the concentration of protein was raised significantly 
(P< 0,01). After four months at this altitude the concen- 
tration of protein in the blood fell somewhat, but remained 
above the starting level (P< 0,05). In the first month 
after the descent the concentration of protein in the serum 
continued to remain high (P< 0.05). 

The results of the electrophoretic study of serum pro- 
tein concentration are given in Table 2, 

Analysis of the results of Table 2 shows that the con- 
centration (relative and absolute) of albumin in human 
blood serum falls immediately after their ascent to the 
altitude and continues to remain truly low (P< 0,05) for 
at least a month after the descent. The concentration of 
a4-and y-globulins in humans increases immediately af- 
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TABLE 2, Change in Protein Composition of Human Blood Serum (in relative percent 
before and after ascent to altitude) 


A month 
after 
descent 


Conditions of 
study Before 


ascent 
(850 m) 


After ascent (4200m) 
Protein 


first month | fourth 


Statistical 
month 


fraction : 
indexes 


Albumin 


Globulins 


a 


t= 


a Qa 


| om 
on 


wo woo 


worn 
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on 


ee 
3° 
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A 
oOnw 
© 


ey 


ot 
coum 


A 
ow 
a 


A 
So~ 


— A 


A 


HE SHE vHE wHE 


ter the ascent and remains high after the descent. The 
concentration of g -globulin rises immediately after the 
ascent; four months later it has fallen somewhat (the dif- 
ference compared to the initial value is statistically in- 
significant, P< 0,1), and after the descent it acmally 
again rises above the initial value, The concentration of 
og globulin is not changed by ascent to the altitude and 
during the period of stay, but after the descent it increases 
( P< 0,01), 

The regularities of change in composition of human 
blood proteins which we have observed in the move from 
Stalinabad (850 m) to the high altitude region of Eastern 
Pamir (4200 m) are characterized by a decreased concen- 
tration of albumin and an increased concentration of the 
globulin fraction (chiefly the y -, a,-, and g -globulins) 
with increased concentration of total protein in the serum. 

The disturbance in blood protein composition is found 
during the four month stay of the individuals under high 
altitude conditions and is kept after the descent (a period 
of one month observation), The length of the disturbance 
does not permit explaining it only by a concentration of 
the blood or a redistribution of proteins between blood 
and extravascular intercellular tissue fluids. It is possible 
that these factors have some effect only at the beginning 
of the change in protein composition of the blood. The 
observed disturbance in protein composition of the blood 
has a nonspecific character. The organism reacts to any 
extreme and unusual stimulus by lowering the albumin 
content and increasing the content of globulins in the 
serum (2, 10]. Such a reaction of the protein composi- 
tion of the blood is considered as a humoral effect in the 
first phase of the Selye adaptation syndrome [10]. Ac- 
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tually, the move of humans from ordinary atmospheric 
pressure (680 mm) to conditions of decreased atmospheric 
pressure (450 mm) and the return have been considered 

a stress which causes an internal functional reorganization 
of the whole physiological system of the organism, Evi- 
dently, under these conditions, as usual there is a weak- 
ening of albumin synthesis and a compensatory strength- 
ening of synthesis of the globulins, 

One of the most important functions of the plasma 
proteins is the maintainance of a constant oncotic pres- 
sure of the blood, and hence an equal distribution of the 
water between the vessels and the extravascular spaces, 
In this connection it is of interest to explain the change 
in oncotic pressure of the blood under high altitude con- 
ditions, In Table 3 we give values for the oncotic pres- 
sure of the blood calculated on the basis of determination 
of the concentration of total protein, albumin, and glob- 
ulins. 

Table 3 shows that only in the first month after as- 
cent to the altitude was the oncotic pressure of the blood 
above the initial value. With further stay at the altitude 
it became equal to the original and did not change with 
descent, In the first month of stay at the altitude the 
total protein concentration in human serum rose on the 
average by 0.9% (albumin concentration decreased by 
0.2%, but the globulins increased by 1.1%). At the end 
of the stay at the altitude the concentration of total pro- 
tein in the serum fell somewhat (increase above the ini- 
tial value of 0.4%). However, with this there was a 
change in ratio between concentration of albumin and 
total globulins (albumin concentration 0.4‘ below ini- 
tial level, and globulins 0,8% above initial level). As a 





TABLE 3, Change in Oncotic Pressure of Human Blood 
Serum (in cm of water) 


After ascent 
(4200 m) 


lex 
Inde _ifirst {fourth 


%month|month 


A month 


after 
| descent 


Albumin (8%) . - 4. 4.6 
RAG) (So) - of 


3.6 
— 0, 
+ 1. 

1,< 


, 0 

AT (5%) 
Albumin-g 
coefficien 
Oncotic weg 


slobul: li in 


39 
36.9) 
32. 
36.! 


. 
I 
M 


Note: 1, AA andAT are values for variation of albumin 
and globulin concentrations from the initial values be- 
fore the ascent. 2, Oncotic pressure of the blood (OBP) 
inmm_ water is calculated from formulas of [4]: L 
OBP=C(21.4 + 5,.9A); IL OBP=C(21.1 + 5.2A); II. OBP= 
(3.56 + T)/0,06, where C, A, and I are the concentra- 
tions in gram -percent of total protein, albumin, and 
globulins, 3. M is the arithmetical average of oncotic 
pressure from calculation by the three equations, 


result there is a normalization of the value for oncotic 
pressure. Almost the same ratio is maintained in the 
month after descent, Hence, in the initial period of stay 
at the altitude the increased oncotic pressure of the blood 
can be explained by the hypercompensatory reaction of 
the organism to lessened albumin concentration, consist- 
ing in excess accumulation of globulins in the blood 
(AT/AA=5,.5). With further increase in globulin concen- 
tration the albumin concentration begins to correspond 
(4 T/ AAx2) and the oncotic pressure is normalized. 

Thus, we can present a mechanism for the normaliza- 
tion of oncotic pressure in the adaptation of individuals 
to high altitude conditions in spite of maintenance of a 
disturbed protein composition of the blood. * 


SUMMARY 


Twelve healthy young individuals had the protein 
composition of their blood determined in Stalinabad 
(850 m) and during their sojourn in the mountain of East 


Pamir between the months of May and October, 1958, at 
the altitude of 4200 m. 

During the first month of sojourn at high altitude, the 
total concentration of protein went up, while towards the 
end of the 4 month period it dropped somewhat, but still 
remained above the initial level. The relative and the 
absolute albumin content in the blood serum dropped 
immediately after the ascent and remained low for a 
month after descent from 4200m to 850 m, The figures 
for ay-,8- and y-globulins rose immediately after ascent, 
During the 4 month stay at high altitude, the o,- and 
y~globulins went back to normal. During the first month 
after descent, figures for a,73- and y-globulins were high- 
er than the initial levels; ag-globulin went up only after 
descent, Oncotic pressure of blood rose during the first 
month after ascent, then returned to normal at the expense 
of increased concentration of the globulin fraction, which 
compensates for the decreased albumin content in blood 
serum, 
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Investigating the resting state of the neuromuscular 
system as an “active background” in the introduction to 
our first report [1], we related this idea to the concept 
of interacting processes, occurring in the molecular sub- 
strate of the system, The resulting state is characterized 
by uninterrupted molecular regulation, maintained in an 
unequilibrated condition (2, 3, 4, 6]. Thus, we may state 
that at every given moment the state of each individual 
system, mentally separated from the “whole,” is, to a con- 
siderable degree, “tied-up” with the actions of the other 
systems, * 

But the concept of unequilibrated molecular regula - 
tion is, by its nature, dynamic, The order of the mole- 
cular substrate is uninterruptedly and incompletely bro- 
ken down and built up again; with Slight exaggeration we 
can speak of this as the uninterrupted renewal of the 
“organization” of the substrate, or, drawing on a more 
common biological concept, we may describe it as an 
uninterrupted “regulation.” The principle of *regulation” 
of the substrate in the resting stage may be regarded, then, 
as a completely tangible question, and its analysisserves 
as the goal of this and subsequent reports. 

The muscles of mammals and cold-blooded animals 
in situ are subjects on which a study of the molecular sub- 
strate, from the aforementioned point of view, is not only 
completely accessible but also presents special interest. 

A number of signs make it probable that the “resting” 
radiation of the nervous and muscular systems represents 
a “physiological” degradation radiation (1, 2, 3, 6). 

A comparison of the relative radiation intensity in 
the resting state and with degradation caused by chilling, 
and a study of the spectra under these same conditions, 
made it possible to draw several conclusions on the regu- 
lation of the muscle substrate in the resting state. 
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EX PERIMENTAL METHOD AND RESULTS 


Total radiation of the calf muscle, M, gastrocnem- 
ius, in the frog under different temperature conditions, 
The basic purpose of these experiments consisted of com- 
paring the radiation intensity of a muscle at normal tem- 
perature (15-16°) and with significant chilling of its sur- 
face (to 2-3°), The conditions were standardized as 
much as possible: the radiating surface of the upper part 
of the muscle was constant-10-12 mm, and the distance 
from the detector was also kept the same-10 mm, The 
experiments were carried out in the Fall and Winter on 
Rana temporaria and Rana ridibunda (males), The mus- 
cles were chilled by intense streams of cold physiological 
saline or by direct insertion of a small thin icicle of fro- 
zen physiological saline into the muscle.ft In both modi- 
fications the chilling was begun immediately before the 
exposures, The intensity of radiation was determined ac- 
cording to the relation Jt=const. 

Thus, judging from the marked drop in the plate ex- 
posure, the radiation of the muscle following chilling was 
approximately 3 times more intense than the radiation at 
15-16. 

On the basis of these data the following general con- 
clusion may be made, A resting muscle exists at a high 
energy level; the energy output in this case (in the form 
of radiation, for example) is very small, but it is easily 
elevatedhy artificial intervention, ¢.g., chilling, which 
is evidence of its high potential energy. This latter fact 
also shows that the energy state of the muscle is maximal- 


* In the strict sense, one should speak of the "interlaced® 
character of the substrate in each microvolume of each 
system. 

t The physiological saline was cleared for the radiation, 





TABLE 1, Radiation of the Calf Muscle in the Resting State (in percentages) * 


At normal temperature 


Exposure 


5-16 
(in seconds) (1 9 


-7, -8,6 
4,6 


With chilling 
(to 2-3°) 


314 8***, 10, 42, 66, 35 


35 + 12**, 63,52,33,39,60,65 on 


*Here and in the following table the effect in % is calculated according to the 


formula 


E. 100, where O is the experimental value and K is the control, 


**The probable error, calculated for the average trials (at the height of the 


effects), illustrates their reliability. 


** *Footnote indicated but omitted in Russian - Publisher. 
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Fig. 1. Radiation spectrum of the calf muscle of the frog in the resting 


state, 


ly labile, i.e., unequilibrated, and, in addition, makes 
the converse inference probable: doubtlessly, the uninter- 
rupted utilization of energy, occurring in the physiologi- 
cal resting state, is accomplished very economically, In 
such a general form this inference is not directly linked 
to the concept of the unequilibrated molecular order, but 
any attempt to ground the inference more strongly leads 
to this concept, since spatial propinquity of the molecules 
at the moment of their excitation is the most adequate 
mechanism for the economic accomplishment of a series 
of processes. 

Spectral analysis of muscle radiations, The value of 
mitogenetic spectral analysis is especially clear‘in work 
on the organism as a whole, By studying the spectra of 
degradation radiation and of radiation from the system in 
the resting state we were able to come to a certain opin- 
ion on the “preciseness” or on the “degree” of reproduci- 
bility of the structural status of the substrate. Unquestion- 
ably, the barren appearance of the spectra, i,e,, the lim- 
ited number of spectral bands, is directly related to the 
monotypic nature of the molecular arrangemenr-that is, 
the more or less strict reproducibility and recurrence of 
the molecules* orientation and deformation, In these ex- 
periments we employed a relatively crude spectral analy- 
sis of the radiation, but, in so doing, were able to cover 
a number of spectral areas simultaneously, which is im- 
portant in studies of the physiological state in situ. 

We studied the spectrum of the calf muscle in the 
resting state at both normal temperature (15-16°) [5] and 
during the cooling of the muscle to 3-4°, As in the case 


of the previous experiments, we laid bare the standard 
surface in the upper portion of the muscle, and the frog 
was secured in such a fashion that the bared segment was 
situated in front of the inlet aperture of the spectrograph. 
Meta! discs (so called templets) were alternately inserted 
in the focal plane of the outlet aperture. These discs bore 
sets of windows calculated to lie in such a way that the 
entire effective range of mitogenetic radiation (1900- 
3200 A) was analyzed in regions of 100 A.t The spectral 
maximum for the resting state radiation was observed at 
8-10 seconds, With cooling the plate exposure was de- 
creased to 5-6 seconds, 

The results of the experiments showed that the effec- 
tive spectral range was the same for both modifications 
of the investigation, The spectrum was very limited. A 
clearly manifested radiation intensity was observed only 
in the 2200-2300 A range (Table 2), The entire band of 
wave lengths to the right and left of this segment, even 
examined with increased exposure, did not produce a pos- 
itive reading, i.e,, it could be regarded as a significantly 
reduced background in comparison to the maximum seg- 
ment, 

A radiation spectrum as unusual as this requires fur- 
ther study. It was necessary to clarify whether such a 
barren spectrum was characteristic for the resting radia- 
tion of muscles in general or only for certain types of 
muscles, From this point of view, we studied the spectra 


+ An independent biodetector was placed against each 


window. 





TABLE 2, Radiation Spectrum of the Calf 
Muscle (in percentage) 


At normal tempera With cooling 
ture (15-16 deg) | (to 3-4 deg) 


Wave lengt 
(in A) Wl mw 


1900 —2000 —6 —2 
2000—2100 - —3 
9100 —2200 5 12 
2200— 2300 45 53 
2300—2400 —f —5 1] 
2400—2500 — 2 —4 
2500—2600 10 —]1 16 
2600—2700 anf — 3 j—!1 
9700 —2s800 om ==? 4 
2800—2900 | 1] 10 
9900— 3000 —2 = 10 —3 
3000 —3100 _ 5 13 
3100—3200 —3 10 —6 {|—10 


oe | 
ao ec own 


Lals 


~— 


Note: I-8-second exposure; IF-16-second 
exposure; III-5-second exposure (Fig. 1). 


It is naturally necessary to take into consid- 
eration that ranges of 100 A yield arbitrary 
boundaries for the spectral maximum, For 
example, breaking up the 2200-2300 A range 
into 20 A bands showed that the maximum 
effectiveness was situated in the first 60 A, 
and that the intensity fell in the last 40 A, 

In the investigations necessary for our prob- 
lem, however, such arbitrary division into 
100 A bands is still sufficient. 


of the resting and degradation radiations from the m. 
semimembranosis and the considerably smaller m, tarsal- 
is anticus, 

The data obtained affords the opportunity of making 
the following conclusion, The spectrum of the semimem- 
branosis muscle in the resting state—at both normal and 
decreased temperatures—is principally close to the spec- 
trum of the calf muscle, An intense maximum, appear- 
ing when the exposure was 8-10 sec, was also character- 
istic of its spectrum. But differences did exist: the max- 
imum radiation occupied a different spectral range-2000- 
2100 A; in addition, when the exposure was approximately 
doubled weaker spectral bands appeared. The most in- 
tense of these was the range 2500-2600A, and the consid~ 
erably weaker ranges 2200-2300 A and 2700-2800 A (Fig. 
2). 

Thus, in comparison with the calf muscle the spec- 
trum of the semimembranosis muscle is less limited. 

The spectrum of the m, tibialis anticus differed from 
the spectra of both the calf muscle and the semimembran- 
osis, The intense radiation (approximately of the same 
order as for the other two muscles) fell in the range 1900- 
2000 A; in addition, a wide swatch of the wave length 
spectrum, 2800-3200 A, was unquestionably active (Fig. 3). 

It is necessary to take note of the fact that, in contra- 
distinction to the two previous muscles, whose radiations 
were constant at different times of the year, the radiation 
of the anterior tibial muscle was more intense in the spring 
than in the fall and winter (the latter two seasons were 
when these data were obtained). 

The following general conclusions are possible from 
a comparison of the spectra, Muscles at rest possess a 
clearly expressed “spectral individuality". This concept 
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Fig. 2, Radiationspectrum of the semimembranosis muscle of the frog 
in the resting state, The depth of shading of the bar is proportional to 
the intensity of the radiation, 
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Fig. 3. Radiation spectrum of the m, tibialis anticus of the frog in the 
resting state. The depth of shading of the bar is proportional to the in- 
tensity of the radiation, 





may be regarded as a rule, since there is no basis for be- 
lieving that the observed phenomenon is limited to the 
muscles studied. The highly delimited spectrum strikingly 
manifested in the analysis of the calf muscle did not oc- 
cupy a wide portion of the wave length band. The possi- 
bility that this limitedness is more marked in the coarser 
muscles has not been excluded. This question, which we 
regard as highly important, continues to be studied. But 
as far as the calf muscle is concerned, we can freely state, 
in all cases, the opinion advanced above, i.e., that the 
monotypic nature of the molecular substrate structure of 
this muscle is more impressive than in other muscles, 

These conclusions make it possible to go somewhat 
further and formulate the following inferences, The rest- 
ing state of the different muscles, uniform from a func- 
tional point of view, is attained by dint of the different 
variations in their molecular substrates, This can mean 
only one thing: in order to appraise the resting state of a 
muscle one can never be limited to describing it as a lo- 
calized system; it is absolutely necessary to bring in the 
concept of the *adequacy” of its state as pertains to the 
state of another system, perhaps even isolated from it but 
nevertheless interdependent upon it. The resting state is 
itself a functional manifestation of such adequacy, but the 
means by which it is attained may be different, and, cor- 
respondingly, the resulting natures of the molecular sub- 
strates may also differ from one another, 

Working with the idea of the molecular substrate, we 
start from the statistical molecular multitude and charac- 
terize any state from the point of view of statistical laws, 
i.e. ,we speak of their probability. But in this case it is 
very impoftant to remember the dynamic facet of all phe- 
nomena and to regard the probable state of the substrate, 
not as the manifestation of a stable condition, but rather 
as a reflection of the fact that the particular “type” or 
“character® of the interacting processes arises more often 
than the other variants, 


In other words, we see our main problem specifically 
in analyzing the continuous accomplishment of a given or 
many given states, From this viewpoint, we are study- 
ing the principle of substrate regulation in muscles at 
rest, and we are attaching principal importance to the 
application of this concept in the study of phenomena 
observed in the nervous and muscular systems, 


SUMMARY 


Data are presented which permit regarding the mitogene- 
tic muscle radiation in vivo at the state of rest as a “phy- 
siological* degradational radiation. The radiation spec- 
tra of the frog muscles (m, gastrocnemius, m, semimem- 
branosus, and m, tarsalis anticus) differ in the quantity and 
distribution of the active bands. The least amount of the 
latter is present in the spectrum of gastrocnemius muscle, 
whereas m, tarsalis ant, contains the largest quantity of the 
bands, The regulation of the muscle's substrate at the state 
of rest is envisaged on the basis of these results. 
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According to the literature [5] and to our own data 
[2,3], newborn animals and those at early stages of post- 
natal development are considerably more sensitive than 
mature animals to narcotics. Since this greater sensiti- 
vity of very young animals has been observed with the 
use of both medinal [barbital sodium] and ether, narco- 
tics which are not broken down in the organism, it can- 
not, as some authors believe [5], be heldto depend on 
the rate of the drug*s detoxication in the organism. 

According to the literary data [11, 14], extirpation 
of the adrenal glands prolongs and deepens narcosis in 
rats and mice. This prolongation is due to the higher 
barbiturate content in the brain of adrenalectomized 
animals [14]. 

Because the function of the hypophyseal-adrenal 
system is insufficient during the early stages of post- 
natal development in rats and other animals [7,9,12], 
these very young animals can be compared with mature 
animals from which the adrenohypophysis has been re- 
moved. 

This led us to propose that the the higher sensitivity 
of newborn animals to barbiturates might be due to 
their underdeveloped hypophyseal-adrenal system, 

This hypothesis could be confirmed by experimentally 
determining whether the removal of the adrenal glands 
from baby rats (in which the hypophyseal-adrenal sys- 
tem is not yet fully developed) would have a lesser ef- 
fect on the duration of the narcotic influence than in the 
case of mature rats. 

According to the data of Hungarian authors [12], 
the hypothalamus does not begin its regulation of the 
hypophyseal-adrenal system function in rats until the 
animals are two weeks old; therefore, one can propose 
that, from this time on, gluco-corticoids, hitherto not 
secreted in physiologically adequate quantities, increase 
the resistance of the vascular wall, thereby inhibiting 
penetration of the barbiturates into the central nervous 


system and, in this way, decreasing their narcotic effect. 


The greater permeability of the blood-brain barrier in 
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newborn rats is attested to in the works of L. S, Shtern 
[6], Bakay [8],et al. 

In this work, we determined: 1) the effect of adre- 
nalectomy on the narcotic effect of hexenal and 2) the 
content of medinal in the brain of rats of various ages. 

EXPERIMENTAL METHODS 

The first series of experiments were carried out in 
75 rats from three age groups (adult males, six-week- 
old males and females and month-old males and fe- 
males from the same nursery). Adrenalectomy was per- 
formed from the dorsal aspect. To keep the animals 
alive, we administered cortisone (Roussel) before the 
operation in a dose of 30-50 y/1g of animal weight. 
After the operation, the animals were fed only water and 
a 0.9% sodium chloride solution. After 1-5 days, we 
again determined the duration of the lateral (reclining ) 
posture induced in the rats by hexenal, intraperitoneally 
or subcutaneously injected in a dose of 80-150 y/g and 
compared this with the duration of the lateral posture in 
the control rats, The individual animals were usually 
given the barbiturate injections only once every 5 days. 
The observation period was limited to 2-3 weeks by the 
fact that most of the adrenalectomized animals died 
within this period. 

A second series of experiments was performed on 
250 rats from one nursery. In the three-week-old or 
younger age groups, we used both male and female rats 
in the experiment; the older rats used were all females. 
The rats of each age group (except for the mature age 
group) were all used in the experiment the same day. 
Every rat was intraperitoneally injected with a uniform 
dose of medinal (200 y/g each). Medinal was chosen 
for two reasons: one, because it does not break down 
in the organism, and two, because the medinal dose in- 
ducing the lateral posture in mature rats can be tolerat- 
ed by newborn rats.» The rats were decapitated at fixed 
time intervals (10, 20, 40, 60 and 150 min)after the 
medinal injection, and the medinal content of the brain 
was determined according to the method described by 





TABLE 1. Medinal Content in Brain of Experimental Rats of Different Ages after Its 


Intraperitoneal Injection 





Amount of medinal(in y/ 100 mg of dry brain weight) _ 


Age of rats 
10 min 


117.444.4 

168.5+-10.8 
49,643,.1 
91,341.17 
60.1+6.5 
38.24+6.7 
66.4+48.7 


Newborn 
1 week 
2 weeks 


3 weeks 
4 weeks 


144 mos 
Adult 


Goldschmidt and co-workers [13]. Five animals were 
sacrificed for each determination of the medinal con- 
tent of the brain. In the experiments with newborn ani- 
mals, the brains of two rats were used for each determi- 
nation. The medinal was extracted from the cerebral 
hemispheres (barbiturates are known to disperse rather 
evenly in the brain [16]). Since the water content of 
the brain varies in rats of different ages [10], one would 
expect different quantities of medinal to be extracted. 
However, the addition of medinal to and its subsequent 
extraction from brain homogenates taken from newborn 
and adult rats showed that 80% of the medinal added 
was extracted. 


EXPERIMENTAL RESULTS 

Fig. 1 illustrates the data from the experiments 
with extirpation of the adrenal glands, showing the 
change in the ratio of the average duration of the late- 
ral posture in the experimental rats(M,) to that in the 
control(M,), It is evident from the graph that remo- 
val of the adrenal glands sharply prolonged hexenal 
narcosis in the case of adult males; 14 days after the 
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Days after removal of the adrenal glands 


Fig. 1. Change in duration of the 
lateral posture induced by hexenal 

in adrenalectomized rats of differ- 
ent ages, 1) Adult males; 2) six-week 
old males; 3) six-week old females; 
4) month-old females; 5) month-old 
males. 


20 min 


_Time atter intraperitoneal medinal injection 


40 min 60 min 150 min 


165.642.4 |167. .6 |170.2 
195,313.3 |253.3 299 4 
142.647. 1 
109.945.7 
98.045.4 
147.649.0 
112.649. 1 


operation, the duration of narcosis was 64 times longer 
than the control. According to the literary data [11, 
19], it has been observed to become 20-360 times long- 
er. In six-week- old rats, extirpation of the adrenal 
glands had less influence on the duration of the lateral 
posture, and this influence was more marked in the 
males than in the females. In month-old females, 
only a slight (statistically unreliable) prolongation of 
the lateral posture was observed in some of the experi- 
ments (on the 5th and 15th days) after adrenalectomy. 
In month-old males, no changes in the duration of the 
lateral posture were observed after extirpation of the 
adrenal glands. 

Table 1 and Fig. 2 illustrate the medinal content 
in the brains of rats of different ages. The data cited 
indicate that the greatest amounts of medinal were 
found in the brains of newborn and week-old rats, The 
medinal content in the brains of rats two or more weeks 
old was smaller, and by the 3rd-4th weeks approximated 
that found in adult rats. In almost all the age groups, 
the maximal content of medinal in the brain was ob- 
served 20-40 min after its injection. The week-old 
group of rats were, however, an exception, as the 
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Fig. 2. Medinal content in brains of 
experimental rats after intraperitoneal 
injection of 200y medinal per 1 g of 
weight, 1) Week-old rats; 2) adults, 





TABLE 2, Lateral Posture in Rats of Different Ages with Intraperitoneal 


Injection of Medinal 


Ratio of number of rats in lateral posture (num- 


erator) to number of rats used in ex pt.(denomin- 
ator) pate 


Age of rats 


10 min 


Newborn 8/8 10/10 
1 week 4/4 8/8 
2 weeks 4/5 5/5 
3 weeks 0/5 4/5 
4 weeks 0/5 2/5 


1 */, mos 0/5 0/5 
Adult 0/5 2/5 


medinal content of their brains continued to increase 
for one hour. 

The speed with which the rats went into the lateral 
posture corresponded to the rate of medinai accumula~ 
tion in the brain. Table 2 gives the number of animals 
in each group found in the lateral posture. Up to the 
age of two weeks, as Table 2 shows, the lateral posture 
developed very quickly (within 10 min) and continued 
throughout the 24 hours of observation. The lateral 
posture was slower to occur in rats aged three weeks or 
more, and narcosis ceased in some of the adult rats to- 
wards the end of the observation period. 

According to the literary data,the hypophyseal- 
adrenal system does not mature in rats until the animal 
is 2-3 weeks old [7,9]. This opinion was based on tests: 
decrease in the ascorbic acid content of the adrenal 
glands or in the blood eosinophils in response to stimu- 
lations inducing a condition of stress. The results of 
our experiments, however, indicate that the function of 
the hypophyseal-adrenal system is still insufficient in 
rats a month old, as at this age, removal of the adrenal 
glands had hardly any influence on the duration of the 
lateral position induced in the rats by hexenal. The 
reason for the variance of our observations with the li- 
terary data may be that the various systems and organs 
of the body acquire the ability to react to secreted corti- 
coids at different stages in the animal's development, 
the peripheral organs (the hematopoietic organs and the 
adrenal glands) acquiring this ability earlier than does 
the central nervous system. 

Now, how canthe maturation of the hypophyseal- 
adrenal system affect the reactivity of the developing 
organism to narcotics, in particular to barbiturates? 

Gluco-corticoids are known to raise the tonus of 
the central nervous system. This is evinced by the in- 
crease in the “electroconvulsive threshold" of experi- 
mental animals and in the greater excitability of the 
central nervous system in people who have taken corti- 
sone or ACTH for a long time [19]. Therefore, because 
of the deficiency of gluco-corticoids in very young ani- 
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Time after medinal injection 


20 min 


40 min 


60 min 150 min 


10/10 | 10,10 10/10 
8/8 8/8 4/4 

5/5 4/5 5/5 

5/5 4/5 5/5 

5/5 5/5 5/5 

4/5 5/5 5/5 

‘ian 5/5 3/5 


mals, it is possible that the tonus of their central nervous 
system is comparatively low, and this too would promote 
barbiturate narcosis. 

Gluco-corticoids are also known to strengthen the 
resistance of the vascular walls (4, 17], and a deficiency 
of these substances could increase the penetration of 
various substances, barbiturates included, into the cen- 
tral nervous system. 

The fact that we found a greater amount of medi- 
nal in the brains of the very young experimental rats 
confirms the hypothesis of its greater penetration into 
the brain tissue. The medinal content is lower when 
the hypophyseal-adrenal system of the rats is mature 
[12]. At about this time, the sensitivity of the young 
rats to medinal becomes equal to that of adult rats [2,3]. 
Also at this time, ACTH injections begin to have an 
abbreviating effect on barbiturate narcosis [1]. 

Hexenalis known to penetrate the central nervous 
system more strongly and quickly than medinal [15]. 

It is only natural, therefore, that hexenal penetration is 
not affected as soon as that of medinal by the increase 
in vascular wall resistance. A considerably greater de- 
gree of development is required to inhibit hexenal pene- 
tration into the brain of a growing animal. 

Yugoslav researchers have recently published an 
observation [18] to the effect that the hypophyseal- 
adrenal system of newborn animals, because of the transi- 
tion to life under new conditions, is in a state of hyper- 
function and therefore cannot react to additional stress. 
Our data do not favor this hypothesis. If the hypophy- 
seal-adrenal ystem of newborn animals were in a state 
of hyperfunction, their sensitivity to narcotics should be 
less than that of adults; in the latter, injections of 
ACTH, which intensifies the function of the adrenal 
cortex, diminish the narcotic effect of barbiturates [19]. 
Newborn animals, however, are extraordinarily sensi- 
tive to narcotics [2, 3, 5]. If the hypophyseal-adrenal 
system were in a state of hyperfunction, extirpation of 
the adrenal glands from infant animals would acutely 
intensify and prolong narcosis. Even in animals a month 





old, however, adrenalectomy does not affect the narco- 
tic action of barbiturates. 


SUMMARY 
Removal of the adrenals in adult rats markedly 

prolongs the lateral posture induced by the intraperi- 
toneal injection of hexenal; in one-month-old rats, the 
removal of the adrenals exerts no such effect. After 
the intraperitoneal injection of 200 y of medinal per g 
of body weight, spectrography revealed a high medinal 
content in the brains of the newly born and one-week~ 


old rats; in two-week-old rats, the content of medinal 
in the brain decreases, and after 3 ~ 4 weeks, it reaches 


the level observed in adult rats. The greater penetra- 

tion of medinal into the brain of very young rats is be- 
lieved to be due to the underdevelopment of the hypo~ 
thalamohypophyseal-adrenal system. These data shed 

light on the earlier investigations: after three weeks of 
life the sensitivity of rats to medinal becomes equal to 
the tolerance of the adult animals, and from the same 
age, injections of ACTH begin to shorten the duration 

of barbiturate narcosis. 
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Information regarding the sensitizing properties of 
the internal organs and the formation of autoantigens 
and corresponding autoantibodies in certain diseases 
and pathological states may be found in papers by sev- 
eral authors [1-6]. 

In the present communication we report the results 
of investigations, carried out jointly with S, A. Ignat’eva, 
E. D, Zhuravleva, N. K. Bondarenko and V. P. Morozova, 
and concerned with the study of the sensitizing proper- 
ties of the parenchymatous organs of kittens and white 
mice infected with dysentery bacilli and streptococci. 


EXPERIMENTAL METHOD 

The experiments were conducted by the method 
published previously [2]. As a supplementary procedure 
the final desensitization was also performed in relation 
to a culture of the infecting agent, which was also in- 
jected into the heart in a dose of 1-2 x 10° bacterial 
cells in a volume of 1 ml. In no case (in more than 
100 experiments) did guinea pigs, sensitized with infec- 
ted organs, react to a culture of dysentery bacilli and 
streptococci. 

The only exception was formed by experiments 
with the organs of mice inoculated with bruceliosis and 
tularemia vaccines, in which a shock reaction was ob- 
served to injection of the latter. Desensitization with 
saline extracts of organs in the experiments to be de- 
scribed was carried out in two stages: a dose of 2 ml 
was given subcutaneously, followed 24 hours later by 
doses of 0,2 to 0.8 ml into the heart. In order to render 
the animals completely desensitized, two or, more 
rarely, three injections had to be given. We give below 
an extract from the records of experiment no. 3 on 
June 20, 1958. 

Guinea pig no. 7. On June 20, 1958, 2 ml of a 
saline extract (19.2% protein) of the kidneys of a kitten, 
killed with ether on the seventh day after infection with 
Shigella flexneri, was injected subcutaneously. 
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July 10, 1958, 10 A. M. 2 ml of a saline extract of 
the kidneys of a healthy kitten injected. 12 noon. 
Reaction +. 

July 11, 1958, 0.2 ml of a saline extract from the 
kidneys of a healthy kitteninjected into the heart. No 
reaction, 12 noon. 0.8 ml of the same material in- 
jected into the heart. No reaction. 2 P.M. 2 x 10° 
bacterial cells (1 ml) of a 24-hour culture of Shigella 
flexneri on agar injected into the heart. No reaction. 


4 P.M. 0.8 ml of a saline extract of the kidneys of a 


kitten infected with dysentery and killed with ether on 
the seventh day, injected into the heart. 4:12 P.M, 
Reaction ++++. 

Necropsy: emphysema of the lungs; small quantity 
of serous fluid in the pericardial cavity; intestinal mu- 
cosa hyperemic, 

Very often after the injection of 0.2 ml of the de- 
sensitizing material into the heart a reaction of + or ++, 
or even +++, was observed. In this case the routine dose 
was 0.3 or 0.4 ml, and the last dose 0.6 or 0.8 ml. 


EXPERIMENTAL RESULTS 

The results of the experiments with the organs of 
white mice and kittens infected with dysentery bacilli 
are shown in Table 1, in which the concluding anaphy~ 
lactic reaction is indicated. 

It will be seen from Table 1 that of the 18 guinea 
pigs sensitized to the liver of infected mice and kittens 
16 reacted to the assaulting dose by a varying degree of 
shock, including 5 guinea pigs whose reaction was ++++; 
correspondingly, of the 12 guinea pigs sensitized to 
pathological spleen, a shock reaction was given by 9, in 
4 of which its intensity was ++++; finally, of the 13 
guinea pigs sensitized to tissue from the kidneys, a shock 
reaction was given by 10, including 4 to the degree ++++. 
Altogether, of 43 experimental guinea pigs, 35 reacted 
by shock and 8 gave a negative reaction. 





TABLE 1. Results of Experiments with Organs of Mice and Kittens Infected 
with Shigella flexneri 


No, of guinea Concluding reaction to sensitiz- 
Sensitizing material pigs ing material and number of 
guinea pigs 


t | tae | +44 4+ 


|Desensi- 
tized 


Liver of mice: 
24 hours after 


infection... -sceccsees 
healthy 








Liver of mice: 
5 days after 
infection 
healthy 








Spleen of mice: 
5 days after 
infection 
healthy 


Kidney of mice: 
5 days after 
infection 
healthy 


Liver of kittens: 
7 days after 


infection , 
healthy ..... 








Spleen of kittens: 


7 days after 
infection 
healthy 


(Concluded on next page) 


Legend: + scratches nose with paws; ++ the same plus sneezing and shaggy fur; 
+++ the same plus cough, all manifestations more pronounced; ++++ excitation, 
jumping about, fits, death; minus ~ these manifestations absent; 0 — none of the 
guinea pigs reacted; numbers ~— number of guinea pigs. 





TABLE 1 (Concluded). 


a 
be 


Controls 
Desensi- | 


Sensitizing material 


| 


Kidney of kittens: 
7 days after 
a. eee 
ROOMY cc cccsesess 


Legend: 


+ scratches nose with paws; ++ is e mm A. we shaggy 


No, of guinea] Concluding reaction to sensitiz- 


ing material and number of 


guinea pigs — 


Ht frees 


ny 
[ef 


oe, 
a 4 


fur; +++ the same plus cough, all manifestations more pronounced; ++++ ex- 
citation, jumping about, fits, death; minus— these manifestations absent; 
0—none of the guinea pigs reacted; numbers — number of guinea pigs. 


The analysis of corresponding experiments with 
saline extracts of organs of healthy mice and kittens 
showed that, of 30 sensitized guinea pigs, in this case 
14 gave a shock reaction of intensity +, one gave a re- 
action of +++ and one, of ++++; in 14 guinea pigs the 
reaction was negative. All control animals gave a 
negative reaction. 

It was considered to be of interest to study the anal- 
ogous reaction in kittens treated for dysentery by chlor- 
amphenicol and phthalyl sulfathiazole. The animals 
were sacrificed on the 11th day after the beginning of 
treatment or on the 13th day after infection. Cultures 
from blood and tissue of the internal organs were nega- 
tive in all cases, 

Altogether, of 20 guinea pigs sensitized to extracts 
of the liver, spleen and kidneys of the treated kittens, 

5 gave a shock reaction to the final injection of extract 
of the tissue of the original organ, in 4 of which the in- 
tensity was +++ and in one it was +; 15 guinea pigs gave 
no reaction. Of 10 guinea pigs sensitized to the organs 
of healthy kittens, 6 animals gave reactions of intensity 
++++, +++ and +; in 4 animals there was no reaction. 
The control guinea pigs did not react to injection of the 
material, 

The results of experiments* with the organs of white 
mice infected with streptococci and with organs of 
healthy animals are shown in Table 2. 

Of 4 guinea pigs sensitized to “diseased” liver, all 
4 reacted + to the concluding injection of extract of the 
same organ; in an analogous experiment with “healthy” 
liver, one of 4 guinea pigsreacted +. Of 6 guinea pigs 
sensitized to a suspension of pathological spleens, ob- 
tained from mice 5— 6 hours after infection, all 
6 animals reacted to the concluding injection of mater- 
ial from these organs, one in an intensity of ++++, 3 of 
+++ and 2 of ++; the corresponding experiment with the 
spleens of noninfected mice showed that in this case 5 
of the 6 sensitized guinea pigs gave a shock reaction, 
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one in an intensity of +++, 2 of ++ and 2 of +. 

Extracts of the spleens of mice 20 hours after infec- 
tion with streptococci possessed no sensitizing proper- 
ties; the proteins of “healthy” organs sensitized the ani- 
mals and, after desensitization with proteins from the 
pathological spleens, they gave a shock reaction. 
Tissue from kidneys of the mice, 48 hours after infec- 
tion, acquired sensitizing properties. 

Experiments with the organs of white mice inocu- 
lated with living tularemia and brucellosis vaccines 
gave negative results; under the influence of these 
inoculations the internal organs of the animals did not 
acquire sensitizing properties. 

Experiments with brucellosis vaccine were carried 
out on 27 guinea pigs, and those with tularemia vac- 
cine on 12, 

How may the results obtained be explained? It 
may be assumed that the organs acquired sensitizing 
properties as a result of the inflammatory reaction of 
the animal body, leading to changes in the proteins and 
cells of the internal organs. 

In relation to the pathogenesis of glomerulonephritis 
and rheumatic carditis, Cavelti [3] proved that as a re- 
sult of contact between bacteria and the products of 
their vital activity and the tissues thereby affected, the 
latter acquire extraordinary properties, including those 
of autoimmunization. 

L. A. Il"ina and R. V. Petrov [4] reported that in 
acute radiation sickness, terminating in death of ani- 
mals, processes of protein synthesis are disturbed. 

The mechanism of development of sensitizing 
properties in the internal organs that we studied when 
infected with dysentery bacilli and streptococci is not 
yet quite clear. There is reason to believe, however, 
that the processes which we studied are accompanied 
by the formation of autoantigens. E, D. Zhuravleva, 


* Carried out in conjunction with V. P. Morozova. 





TABLE 2. Results of Experiments with Organs of Mice Infected with Streptococci 


(No. of guineajConcluding reaction to sensitiz- 


___pigs ing material and number of 
guinea pigs 


oe 
! 
Liver of mice: 
5 days after 
infection. .... ae a 0 0 
healthy...... ~~ 3 0 


Sensitizing material 


Desensi- 


| 
| 


Controls 


Spleen of mice: 
5-6 days after 
infection..... 
healthy...... 


Spleen of mice: 
20 hours after 


infection..... 
healthy...... 


Kidney of mice: 
48 hours after 
infection. .... 
healthy...... 


Fig. 1. Precipitation reaction in jelly with extract of the kidneys of 
kittens suffering from dysentery. Two foreign antigens are seen. 





Fig. 2. Precipitation reaction in jelly with extract of the 
liver of kittens suffering from dysentery. One foreign anti- 
gen is seen. 


for instance, using P. N. Kosyakov's technique, prepared 
a serum against the liver and kidney proteins of healthy 
kittens and of kittens suffering from dysentery. Anti- 
bodies to the causative organism of dysentery were ex- 
tracted from the sera against the pathologically changed 
organs. The precipitation reaction in jelly with anti- 
sera against “healthy” kidney gave one line of precipi- 
tate, and against “healthy” liver two, demonstrating the 
presence in these organs of one or two (liver) antigens. 


The analogous reaction with serum against "dysenteric™ 
liver and kidneys and with their extracts gave three 
lines of precipitate (Figs. 1 and 2). 

By means of the precipitation reaction in jelly, 
the presence of two foreign antigens in pathological 
kidneys and of one in liver was thus demonstrated. 


SUMMARY 
The parenchymatous organs of kittens and white 
mice aquire specific sensitizing properties during the 
process of experimental infection of these animals 
with the causative agents of dysentery and streptococci, 
Vaccination of white mice against tularemia and brucel- 
losis is not associated with the above phenomena. 
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At present, one may consider as established that in- 
dividual electrophoretically pure fractions of serum pro- 
teins are immunologically heterogeneous [2, 5, 7, 8, 9]. 

Data are also availabie dealing with the possibility 
of specific cross reactions between albumins and globu- 


lins [3] 


Figure, Electrophoresis of isolated 
protein fractions separated on starch 
block (paper B 12 x 40 cm, 450 v, 
2.5 ma, 4 hr), 1,2) Albumins; 3) a4-; 
4) &y-3 5) B=; 6) y 473 7) ye-globulins; 
above - normal horse serum, 


In this connection, it appeared interesting to clarify 
whether it is possible to differentiate anaphylactogenic 
properties of different isolated fractions of serum proteins, 

The available pertinent data from literature are con- 
tradictory. Experimental results reported by Svingendow 
and his co-workers [4] were not substantiated by experi- 
ments of N, A, Gorbunova and T, M, Tsipin[1], The former 
authors believe that it is not essential to introduce differ- 
ent fractions of serum proteins (albumins and globulins) 
as seasitizing and challenging injections for induction of 
anaphylactic shock in guinea pigs, 

To resolve this question we utilized, as a model of 
anaphylactic reaction, anaphylactic shock in guinea pigs. 


METHODS 


Fractionation of serum, Separation of normal horse 
serum proteins was carried out in an apparatus similar to 
that described by Kunkel, utilizing a starch block (1x13 
x26 cm) in median-veronal buffer (pH 8,6, ionic strength 
0.1) for 48 hr under 17.3 v/ cm potential gradient and 
10 ma current, Visual observation of migration of al- 
bumins and globulins in the course of electrophoresis has 
been insured by addition of a small quantity of Evans‘ 
blue (T-1824) to the serum, 

Isolation of protein fractions. A part of the starch 
block containing proteins was cut into individual cross 
sections 1 cm wide, Proteins were extracted from starch 
with the help of the median-veronal buffer. The amount 
of protein in each sample was determined using Lowry's 
method [6] and the distribution of proteins in the starch 
block was plotted graphically, Control of purity of pro- 
tein fractions isolated from starch was carried out with 
the help of micropaper electrophoresis, The protein 
solutions obtained wereanalyzed in cold against physio- 
logical saline for 30 hr. 

Sensitization and shock, Experiments were carried 
out using male and female guinea pigs weighing 200 to 
450 g. One or two sensitizing injections were given sub- 
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Induction of Active Anaphylaxis in Guinea Pigs by Purified Fractions of Serum Proteins 


, | eae ete 
| 
Animal fa of 
number | animal 
| (in g) 


date | protein 
(1959) | fraction ge 
| 


amount of 
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‘sen. 10, 12 


73 435 
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Legend: A-albumins; g-globulins; ++4++ severe anaphylactic shock leading to death 

in 2-5 minutes; +++ prolonged anaphylactic shock leading to death a few hours after 
injection of antigen; + anaphylactic reaction in the form of scratching, coughing, 
shaking, and with rapid passing of these symptoms; — without symptoms characteristic 


of anaphylactic shock, 


cutaneously using a solution of electrophoretically pure 
protein fraction (from 0,2 to 5 mg protein). 

Shocking dose (1 to 7 mg protein) was administered 
intracardially on the 20-22nd day after the sensitizing 
dose, Forty-five guinea pigs were used in these experi- 
ments, 


RESULTS 


As can be seen from the table, all the protein frac- 
tions of normal horse serum were equally anaphylacto- 
genic when tested on guinea pigs, and a pronounced 
anaphylactic shock was observed following administra - 
tion of shocking dose of the corresponding antigen. The 
results obtained confirm the known position about the 
specificity of anaphylactic phenomena being within the 
boundry of one and the same type of serum proteins, 
However, using albumins for sensitizing dose and glob- 
ulin (except oy- globulins) for shocking dose makes it 
impossible to bring about a general anaphylactic reac- 
tion, Anaphylactic shock was also absent when g -and 
y~ globulins were used for sensitization and albumins 
for shocking dose, Cross anaphylactic reactions occa- 
sionally observed when a- globulins were used for sen- 
sitization and albumins for shocking dose are apparently 
conditioned in that these globulin fractions contain dif- 
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ferent amounts of albumin impurities. As can be seen 
on the figure, a,- globulins isolated from a starch block 
have noticeable amounts of proteins with electrophoretic 
mobility of albumins, However, it is not possible to un- 
cover proteins with electrophoretic mobility of albumins 
in paper electrophoresis of a,»- globulins, However, if 
we consider that active sensitization is possible by in- 
troduction of 0,001 mg of protein, then the cross ana- 
phylactic reactions may be also carried out because of 
insufficient homogeneity of ag- globulins, although this 
is not made apparent upon paper electrophoresis, 

When the isolated globulin fractions are used for 
sensitization, anaphylaxis can be brought about by using 
any globulin fraction as shocking dose, In addition spe- 
cific desensitization may be accomplished using any of 
these fractions. However, guinea pigs sensitized with 
globulins, and which were shocked by injections of 
albumins, remain sensitive to subsequent injection of 
globulins, These data point to great similarity in ana- 
phylactogenic properties of isolated fractions of serum 
globulins separated by means of starch block electro- 
phoresis. 

Results obtained by us are indicative of anaphylac- 
togenic specificity of electrophoretically pure fractions 
of albumins in comparison with g-and y - globulins. 





SUMMARY S. Ya. Kaplanskii, A. E, Gurvich and L. K. Starosel'- 
tseva, Biokhimiya 23, 1, 114 (1958),* 

Yu. A. Khavkin, in: Scientific Works of Students of 
Tashkent Medical Institute [in Russian](1956) p. 23. 
Svingendow, et al., as cited by N, A, Gorbunova and 
T. M. Tsipin. 


48 | . 
‘jennie on guinea pigs with production of ac- . oo ee a 
Pp sg pig P . 37, 144 (1959), 


tive anaphylaxis have shown that albumin and abet O. H. Lowry, N. J. Rosebrough, A. L. Farr, et al., J. 
possess different anaphylactogenic specificity, while in- ‘ 

dividual fractions of globulins possess identical immu Biol. Chem, 193, 265. (1951). 

nogenic properties oa are ca tn of giving cross ana J. Oudin, Ann, Inst, Pasteur 85, 336 (1953). 

2s C EC 5 y a = aa 
ieee «som 7 ee R, J. Slater, Arch, Biochem, a, Biophys, 59, 33 (1955), 
pny , , . C, A, Williams and P, Grabar, J. Immunol, 74, 404 
LITERA TURE CITED (1955). 


Preparatory isolation of electrophoretically pure 
protein fractions from normal horse serum was carried 
out with the help of apparatus of Kunkel type in a 
starch block (1x13x26 cm) with 450 v, 10 ma during 


1, N. A. Gorbunova and T. M, Tsipin, Byull, Eksp, a 
Biol, Med, 36, 10. 46 (1954), * Original Russian pagination, See C, B, translation. 
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According to the investigations of a number of 
authors [1,3, 5, 7, 9, 13], malignant tumors and their 
adjacent tissues [3, 7] contain more than the normal 
quantity of spreading factor of the type of the enzyme 
hyaluronidase. The most intensive hyaluronidase acti- 
vity is shown by metastases of malignant neoplasms 
[5, 6). The addition of hyaluronidase to inoculated tu- 
mor material [2, 10], the injection of this enzyme into 
the tumor or near it [4, 14], and also the action of the 
enzyme on the body as a whole [8, 12] promotes the 
more intensive growth of the primary tumor and stimu- 
lates metastasis formation. 

The necessity thus arises for the search for methods 
of inactivation of the spreading factor of malignant tu- 
mors. One such method may be the use of “antifactor" 
sera. Very little work, however, has been done on the 
study of this problem. For instance, it has been shown 
by experiments in vitro [2] that the activity of the hy- 
aluronidase of Ehrlich's adenocarcinoma is depressed 
under the influence of an antitumor serum. 

It has been reported [11] that the incidence of re- 
currence in mice, after extirpation of spontaneous tu- 
mors of the mammary glands, is decreased by adminis- 
tration of antihyaluronidase serum of rabbits. 

The object of the present research was to study the 
action of the antihyaluronidase sera of goats on the pro- 
cess of metastasization of a Brown-Pearce carcinoma 
in rabbits. 


EXPERIMENTAL METHOD AND RESULTS 

The antihyaluronidase sera which we used in the 
experiments were obtained by the intravenous immuni- 
zation of goats with a saline extract of rabbit's testis 
and of rodinase, and also a serum against the Brown- 
Pearce tumor, possessing antihyaluronidase activity. 
The sera were obtained on the 9-14th day after the 
last immunizing injection of extract. 

The sera used in the experiments possessed the fol- 
lowing titer: 1) the antironidase serum reacted with the 
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enzyme from the rabbit's testis in a dilution of 1:128 
and with rodinase in a titer of 1:512; 2) the serum of 
the goat, immunized with extract of rabbit's testicular 
tissue, depressed the action of che homologous enzyme 
in a dilution of 1:512 and rodinase in a dilution of 
1;64; 3) the titer of antibodies against the hyaluronidase 
of rabbit's testes in the serum of the goat, immunized 
with extract from tissue of a Brown-Pearce tumor, was 
1;256, and against rodinase the titer was 1:16. 

The experiments were conducted on 20 male chin- 
chilla rabbits. Simultaneous intratesticular injections 
of 1 ml of a 25% suspension of cells from a Brown- 
Pearce tumor and from metastases in the liver and omen- 
tum were given to all the rabbits. 

On the eighth day after inoculation of the tumor, 
the testes with the developing tumors were removed. 
After operation, the rabbits were divided in accordance 
with their weight into five equal groups with four rab- 
bits in each. 

On the day after removal of the tumor, i. e., on the 
ninth day after inoculation of the carcinoma, the rab- 
bits were injected with sera. The rabbits of the first 
group received the serum of a goat immunized with 
ronidase. The animals of the second group received 
injections of the serum of a goat against extract of rab- 
bit’s testicular tissue. The third group of rabbits were 
injected with the serum of a goat immunized with 
Brown~Pearce tumor tissue. The fourth group were in- 
jected with normal goat serum. The animals of the 
fifth group received no serum. 

The first injection of 6 ml of serum was made into 
the marginal vein of the ear. The next three injections 
of serum, in a dose of 5 ml each, were given into the 
thigh muscle. The interval between the first and sec- 


* Ronidase is a preparation with hyaluronidase action, 
from the testis of the ox, marketed by the Mikoyan 


Meat Combine, Moscow. 





TABLE 1. Degree of Metastasization of a Brown-Pearce Carcinoma in Rabbits after 
Removal of the Primary Focus of the Tumor and Injection of Sera (21st Day of Trans- 


plantation of Tumor) 


No, of 
Rabbit organs 


affected 


Group Serum 


Against 
ronidase 


| Against rabbit's 
testes 


Mean 


1311 
Against Brown- 1 028 


Pearce tumor 12 
| i | 2 936 | 


| 


Normal goat 


Mean . 

| 

| ( | 1369 
No serum | 18 





| injected 46 
| 


Mean... | 


20 | 10 


ad 


Number a | Omentum Te 
metastases! ~ ree ; ee 
present in olve-|er _, deg. of 
(in g) jin- ae 
one ciel x ins ve(«in 2) 
ie 


16 | + 7. 
x ~ Q. 

270 I |---| 39, 
Died from accidental 


eH 


auses 


98 0 | 
| 





224.8 


| 13 33 
49 16 

| 127 26 
547 4] 89 





| 30,3 | | i 


Conventional signs; ~ metastases absent; + solitary metastases (from 1 to 10); ++ multiple 
metastases (from 11 to 50); +++ innumerable metastases (over 50). 

‘Metastases in the spermatic cord and omentum were disregarded when the number of 
metastases present in an affected organ was being counted. 


ond injections was 2 days, and between the others, 3 
days. In order to avoid anaphylactic shock, this volume 
of serum in all cases was injected as fractionated doses. 
All the animals were sacrificed on the 21st day after 
inoculation of the tumor. 

The effectiveness of action of the sera was assessed 
by the extent to which the organs were affected by me- 
tastases, taking into account the number of affected 
organs and the number of metastases in each. 

The mestastases were counted as follows. In or- 
gans containing a smaller number of metastases, those 


on the surface were counted first, and later those in 
serial sections of the organs approximately 5 mm thick. 
The method of counting in organs containing a large 
number of metastases was rather more complicated. 

In these cases the number of metastases per unit weight 
of the organ was estimated, and then the total number 
for the whole organ was calculated, In organs in 
which it was not always possible to count the number 
of metastases, because the organ consisted of a conglo- 
meration of confluent nodes (testis, omentum, etc.) the 
degree of involvement was designated conventionally 
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TABLE 2. Degree of Metastasization of a Brown-Pearce Carcinoma in Rabbits after 
Removal of the Primary Focus of the Tumor and Injection of Sera (37th Day of Trans- 


plantation of Tumor) 


Number |Number of | imesaeads Spermatic 


Rabbit of organs |metastases! cord 


Group Serum ; no, 


Against 
ronidase 


Mean 


Against Brown- 
Pearce tumor 


Second 


Third | Normal goat 


Mean - 


Note: Legend as in Table 1. 


by plus signs, and the degree of involvement was furth- 
er compared in these organs by the gravimetric data. 

The experimental results are shown in Table 1. 
The average number of organs affected by metastases, 
and the average number of metastases present in one 
affected rabbit's organ were least in the group of ani- 
mals receiving antironidase goat serum. 


Of each 12 organs examined, on the average three 
were affected, and for each affected organ in the rab- 
bits of this group there were 5.8 metastases. 

The injection of antitesticular and antitumor sera 
was almost equally effective, slightly lowering the in- 
cidence of affected organs (5 affected organs in the 
second group and 6.8 in the third) and the number of 
metastases in the organ (98 metastases in the second 
group and 62 in the third) by comparison with the con- 
trol animals receiving nonimmune goat serum or no 
serum whatsoever (the respective values were 8.8 and 
8.3 affected organs and 224.8 and 184 metastases in an 
affected organ). 

When the gravimetric data were compared, the 
smallest values were also observed in the rabbits of the 
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first group, which received injections of antironidase 
serum [weight of omentum 8.9 g, mean weight of sper- 
matic cord 5.9 g in the first group, compared with a 
mean weight of 22.4 g for the control groups (4 and 5), 
that of the omentum being 39.3 g and of the spermatic 
cord 10.8-11.0 g]. 


By comparison with the antironidase serum, the 
serum of the goat immunized against rabbit's testicles 
had almost the same effect on the development of the 
tumor in the spermatic cord of the second group of 
rabbits (weight 6.2 g). 

The remaining sera had no significant effect either 
on the metastasization of the carcinoma in the omen- 
tum or on the development of the tumor in the sperma- 
tic cord, 


The results obtained show that as a result of the 
action of antihyaluronidase immune sera on metastasi- 
zation of a Brown-Pearce tumor in rabbits, the greatest 
depression of metastasization of the carcinoma was pro- 
duced by the serum of the goat immunized with roni- 
dase.In order to verify these results, in a second series of 
experiments 16 rabbits were used, divided into 3 groups 





(6 rabbits in the first and second groups and 4 in the 
third group). The animals received injections as follows: 
first group — the serum of a goat immunized with roni- 
dase; second group — a serum against Brown- Pearce tu- 
mor; third group — the serum of a normal, unimmunized 


goat, 
For inoculation we used a 40% tumor suspension 


(0.5 ml). The testis with the tumor was removed on 
the seventh day after inoculation, and injection of the 
serum began on the eighth day, the same method be- 
ing used as in the first experiment. The rabbits were 
kept under observation until the 37th day of develop- 
ment of the tumor, when those animals still alive were 
sacrificed. The effect of each serum was judged by 
the same criteria as in the first series of experiments 
(number of organs affected by metastases, number of 
metastases in an organ, and gravimetric data). 

in this series of experiments too, the results ob- 
tained confirmed those of the preceding series. The 
least values of the degree of metastasization were ob- 
served in the first group of rabbits, receiving antironi- 
dase serum. In the experimental rabbits an average of 
from 3 to 7 organs was affected, compared with 10 in 
the controls (third group); an affected organ in the 
first group contained 41 metastases, compared with 306 
in the third group. The same pattern was found for the 
organs for which the gravimetric data served as criteria 
of degree of involvement (weight of omentum in experi- 
mental series 10.8 g, control series 37.2 g; weight of 
spermatic cord in experimental series 5.8 g, control 
series 39.2 g). Some depression of the degree of me- 
tastasization was observed after injection of the antitu- 
mor serum (second group), as shown by a decrease in 
the number of metastases present in one affected organ 
and by a decrease in the weight of the spermatic cord 
by comparison with that in the control group (third 
group). 

It must also be pointed out that among the animals 
of the first group no deaths had taken place on the 37th 
day, whereas in the control group, receiving normal 
goat serum, all the animals had died at this time (mean 
duration of survival of the rabbits of the control group 
was 28 days). Two rabbits of the group receiving anti- 
tumor serum were alive on the 37th day. 

Thus the results of the second series of experiments 
also demonstrate a decrease in the degree of malig- 


nancy of the tumor in the rabbits as a result of the in- 
jection of the serum of goats immunized with ronidase. 
We consider that the inhibiting action of antironidase 
sera on the metastasization of the carcinoma is due to 
the depression of hyaluronidase by the antibodies. 


SUMMARY 

It may be concluded from these experiments that 
the administration of an antironidase serum to rabbits 
after the preliminary removal of a primary Brown- 
Pearce tumor has an inhibiting effect on metastasiza- 
tion of the carcinoma. In our opinion this confirms the 
role of hyaluronidase in the process of metastasization 
of the tumor. 
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Two years ago the first report was published of the 
positive results of a preliminary trial of an extract from 
the bark of the sea buckthorn (Hippophae rhamnoides, 
fam. Elaeagnaceae) for its antitumor activity [3]. Later 
work showed considerable inhibition of the growth of var- 
ious tumors of animals by the action of this extract [4]. 
In May, 1958? G. P, Men'shikov and M, F. Petrova iso- 
lated from the extract a group of bases, which was con- 
ventionally named preparation Hr, and which contained 
the active principle [2]. 


In 1959 the same workers succeeded in isolating 
one of the bases of this group with Rf-0.4 in crystalline 
form (as the hydrochloride) and identified it as 5-hy- 
droxytryptamine. As we know, 5-hydroxytryptamine is 
also present in the body of man and animals as one of 
the physiologically active biogenic amines, and is 
called serotonin or enteramine [6-8]; this is the first 
time that it has been isolated from plants (M.F. Petrova 
and G. P, Men'shikov, 1960). A report of the method 
of its isolation will be given by the authors elsewhere. 

In the present communication the results are de- 
scribed of experiments with 5-hydroxytryptamine hy- 
drochloride from sea buckthorn, as a preparation which 
we have called “hippophain ,” in rats and mice with 
transplanted tumors. 


EXPERIMENTAL METHOD 
Hippophain is readily soluble in water. The solution 

has a weakly acid reaction and is readily absorbed after 
subcutaneous injection without causing irritation of the 
surrounding tissues. Since the solution darkens on heat- 
ing, we prepared it in aseptic conditions without steril- 
ization. Its toxic action was investigated in rats, which 
showed much greater sensitivity towards it than did 
mice. All the therapeutic experiments were carried 
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out on equal numbers of animals (mice and rats): ten 

in the experimental group and ten in the control. For 
the treatment of the tumors we used only those doses 
which did not cause death when given by subcutaneous 
injection to animals of that particular species for a 
period of 14 days. The tumors were inoculated subcu- 
taneously, with the exception of Ehrlich's tumor, which 
was inoculated intramuscularly. Treatment of the ani- 
mals was started on the 5-7thday after inoculation of 
the tumor [except in experiment No. 8 (Table 1), which 
was started on the ninth day] and continued for 12-15 
days. In these experiments the preparation was injected 
subcutaneouslyevery day. The inhibiting action on the 
tumors was estimated by the difference between the 
average weight of the tumors in the control and experi- 
mental series, expressed as a percentage of the control 


weight. 


EXPERIMENTAL RESULTS 

The pharmacological action of serotonin has been 
described by a number of authors [5-8]. Since its princi- 
pal toxic effect is known to be its action on the vascular 
system and the smooth muscle of the intestine, and al- 
so on the kidneys, we were particularly interested in 
the reactions of these organs to the administration of a 
therapeutic dose, i. e., of a dose causing significant in- 
hibition of growth of the tumor (see Table 1), and also 
in the upper limit of this dose. The subcutaneous or 
intraperitoneal injection of 10-20 mg/ kg of hippophain 
in physiological saline into rats causes depression, re- 
striction of mobility, changes in the rhythm and the 
strength of respiratory movements and an increase in 
the peristalis of the intestine with a transient relaxing 


* The presence of unidentified alkaloids in the sea buck- 
thorn was first mentioned by P. S. Massagetov [1]. 





TABLE 1. 


Tumor 


| Ehrlich's tumor (inoculated intra- 


muscularly) 
The same y 


COs wr 


tumors weighing 2 g) 


| Hardening-Passey melanoma 
The same 


" ca 
Crocker’s sarcoma 


Sarcoma 37 


Tea, OZh-5 of the forestomach 


_\_of the mouse 


| Lymphosarcoma LIO-1 


Sarcoma 45 
The same 


" ” 


19 | Jensen's sarcoma 


| 
90 | Geurin’s carcinoma 


21 |The same 


| 
' 


action. On intraperitoneal injection, all these pheno- 
mena occur at once, but on subcutaneous injection they 
arise after 10-15 min. After intraperitoneal injection 
of 50 mg/kg, death of the animal occasionally ensues. 
An increase of the dose to 300-500 mg/kg, injected 
intraperitoneally, causes ataxia and, in certain rats, a 
severe spasm of the vessels of the optic fundus ("white 
eyes”); these phenomena all pass off after 4-5 hr. 
With these doses, death also supervenes occasionally in 
animals most highly sensitive to the action of the pre- 
paration. They die within 24 hr after the injection, 
showing signs of disturbance and gradual weakening of 
respiration and of cardiac activity. At necropsy the 
dilated, flabby heart and the parenchymatous organs 


| 
» (experiment begun on large 


The Action of Hippophain on Tumors 


Mean wt. of | Ca 

tumor at end 

of expt.(in g)| 
] 


| con- 


P (by Stu- 


dent's method 


Inhibition of! 


tumor growth 
(in %)—_| 


42 0,000) 
49 0.0001 
42 | .-0,000) 
47 | ~.0,0001 
49 0.0001 
49 | =0,001 

62 0.0001 


NOwWWWwWwws 


No 


47 0,003 


3 


of the abdominal cavity are overfilled with venous 
blood. We did not establish with accuracy the value 
of LDso for rats, but it is considerably more than 500 
mg/kg. After administration of therapeutic doses of 5 
and 10 mg/kg for 14 days to mice and rats we observed 
no dystrophic changes whatsoever in the internal organs. 
A dose of 20 mg/kg at the end of the experiment 
caused in individual rats the development of necrotic 
areas in the kidneys. This also took place as a result 
of the administration of a dose of 10 mg/kg to rats for 
a period of 30 days. Attention must be drawn to the 
marked individual sensitivity to the toxic action of the 
preparation. One of the authors tried out a single in- 
jection of the preparation on himself (40 mg as a 4% 
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solution intramuscularly). Ten minutes after the injec- 
tion a reaction of the cardiovascular system developed, 
in the form of considerable reddening of the skin of the 
face and neck,, a feeling of heaviness in the head and, 
in particular, in the region of the heart, All these 
phenomena passed off after 15 min. The arterial 
pressure and the pulse rate were not altered during this 
reaction. 

The action of hippophain on hemopoiesis was 
studied in rats in which a sarcoma 45 had been inocu- 
lated subcutaneously, in a therapeutic experiment 
lasting 2 weeks on 10 animals, at the end of which 
growth of the tumors was retarded under the action of 
the preparation to the extent of 84% of the control 
values (see Table 1, experiment no. 17). The controls 
used were ten rats with tumors but not receiving treat- 
ment. The preparation was injected subcutaneously 
in a dose of 20 mg/kg daily. The blood was examined 
once before treatment and three times in the course of 
treatment, every 5 days. From determinations of the 
number of leukocytes (in a counting chamber) and of 
the leukocyte formula (from blood films), the number 
of lymphocytes and neutrophils in 1 mm? of blood was 
determined separately, after which the arithmetic 
mean values of these indices for all the rats were cal- 
culated, and these were plotted on a graph. The total 
leukocyte count in the control animals (see top graph 
in figure, broken line) rose continuously in accordance 
with the growth of the tumor and with the increasing 
destruction of its central part. In the experimental 
series (continuous line), in spite of the considerable in- 
hibition of the tumor growth by the action of the pre- 
paration, a moderate leukocytosis was also found, and 
this diminished slightly on the 15th day. As is shown 
by the middle graph (see figure, lymphocytes), this de- 
crease results from a slight fall in the number of lym- 
phocytes (by 15% below the initial level) in the blood 
of the treated animals. On the other hand, however, 
the preparation has a stimulating action on the segment- 
ed neutrophils: their number rose considerably, with no 
shift to the left, and at the end of the experiment was 
70% above the original level (see figure, neutrophils). 
This is seen particularly demonstratively in the rats, 
in whose blood there are far more lymphocytes than 
neutrophils. Under the action of the preparation, at 
the end of the experiment their blood closely resembled 
human blood in the proportions of these cells. No 
other abnormalities were observed during the examina- 
tion of the films and calculation of the leukocyte for- 
mulae. No action of the preparation on the number 
and external appearance of the red cells could be found. 
The injection of the same dose per kg body weight into 
mongrel mice (without tumors) for the same period of 
time gave rise to no changes in the total leukocyte 
count and in their relative proportions. 


The action of hippophain on tumors, The antitu- 


mor action of the preparation is distinguished by a wide 
spectrum, for as a result of its action on 9 strains of 
transplanted tumors, 7 were found to show some degree 
of inhibition of growth (see Table 1). No inhibition 
whatsoever of growth of a squamous cell carcinoma 
OZh-5 of the forestomach of the mouse (line C,HA) 
and of a lymphosarcoma LIO-1 (in a mouse of line Afb) 
took place. However, those strains of tumor which were 
found to be sensitive to the action of this preparation 
varied very considerably in the character of their sensi- 
tivity to it. This is clear from a comparison of the in- 
hibiting action of different doses on growth of the 
Ehrlich's tumor and of the sarcoma 45 (see Table 1). 
Inhibition of growth of the Ehrlich's tumor, caused after 
tréatment with a daily dose of 5 mg/kg for 12 days, 
amounted to about 50%, Subsequent experiments in 
which the daily dose was increased to 200 (!) mg/kg 
gave no significant increase in the strength of the inhi- 
biting action. In contrast to this, sarcoma 45 gave no 
inhibition of growth when injected in doses of 5 and 

10 mg/kg; inhibition developed only after a dose of 

20 mg/kg. The other rat tumors — Jensen's sarcoma and 
Guerin’s carcinoma ~ were more sensitive to this pre- 
paration, for they reacted in varying degree to doses of 
5 mg/kg (Guerin’s carcinoma) and 10 mg/kg (Jensen's 
sarcoma). The same applies to the melanoma of mice 
(Harding-Passey strain). Only the action of a large dose 
has so far been tested on other tumors. Administration 
of the preparation by mouth had no antitumor effect. 


36000 
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anansas™ 
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The action of hippophain (20 mg/kg) 1 
on the blood of rats with sarcoma 45. 


Along the axis of ordinates ~ mean 
number of leukocytes in 1 mm? blood. 
Along the axis of abscissas — time in 
days from the beginning of treatment. 
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TABLE 2, Gomparison of the Antitumor Action of Two Therapeutic Forms of Serotonin: 
5-HyJroxytryptamine Hydrochloride (Hippophain) and 5-Hydroxytryptamine-Creatinine 


Sulfate (5-1ITCS) 


Expt. 


Preparation 
No 


_ Hippophain 


Tumor 


5 ‘Fhrlich's tumor, | 5ah 3. 4? 


Result 


,ommence 


day of expt. | weight of tumor 


(in g) linibi- 


after trans-| -tion 


h 
lantation) control fin i) 


} 


itramuscularly 


SHTCS! 10 'The sane 


Hippophain 5 
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| Jensen's sarcoma, 1-th 
subcutaneously 


5-th 


é | 43.0 
4-th | 13.4 


ISynthesized by Prof. N. N. Suvorov (All-Union Chemo-Pharmaceutical Research Insti - 


tute. Moscow) 


2Synthesized by M. F, Petrova (Institute of Experimental and Clinical Oncology of the 


AMN SSSR, Moscow) 

Since synthetic 5-hydroxytryptamine (serotonin), 
which is widely used in laboratory practice, is usually 
obtained as a complex with creatinine sulfate, we 
carried out experiments to compare the action of the 
hydrochloride of 5-hydroxytryptamine (hippophain) 
and of synthetic 5-hydroxytryptamine-creatinine sul- 
fate on tumors. Adequate doses were computed accord- 
ing to the content of the pure base: the hydrochloride 
contains approximately */, of the pure base, whereas 
the complex with creatinine sulfate contains approxi- 
mately '4; we therefore gave twice the dose of the com- 
plex with creatinine sulfate 


The results showed (Table 2) that 5-hydroxytrypta- 
mine, in the form of a complex with creatinine sulfate, 
has a much weaker action on tumors than the hydro- 
chloride. For instance, in an experiment on Jensen's 
sarcoma, 5-hydroxytryptamine-creatinine sulfate in a 
dose of 20 mg/kg caused almost the same degree of 
inhibition as that caused by hippophain in a dose of 
5 mg/kg, i. e., the inhibiting activity of the former is 
approximately half t as strong as that of the latter. 


There are reports in the literature of investigations 
into the action of synthetic serotonin (in the form of a 
complex with creatinine sulfate) on tumors in animals 
(9, 10]. The authors of these reports, however, obtained 
no antitumor effect with serotonin, but came to the 
opposite conclusion, namely that it has a stimulating 
action on the growth of experimental tumors. The dis- 
crepancy between these authors’ findings and our own 
may, possibly, be explained by differences in the form 
of the preparation (see Table 2) or in the method of 
its administration, or, finally, by the use of different 
tumor strains for the investigation. 

It follows from these results that hippophain may 
be of interest for trial in clinical oncological practice. 


SUMMARY 

5-hydroxytryptamine was recently isolated froin 
the bark of Hippophae rhamnoides by G. P. Men'shikov 
and M. F. Petrova. The results of investigation of the 
action of the hydrochloride of the alkaloid upon the 
organism and tumors of mice and rats are presented, 
The preparation was named hippophain. The antitumor 
effect of hippophain is characterized by a wide range 
of action, the preparation inhibiting the growth of 7 
out of 9 animal tumors (various types). However, the 
tumors do not resolve completely. Hippophain exer- 
cised no antitumor effect when administered per os. 

The side effects of the preparation are connected 
with action upon the cardiovascular and respiratory 
systems. 

The effects of a large dose of the preparation (20 
mg/kg) upon hemopoiesis was studied during a 2-weck 
treatment of sarcoma 45, 

A moderate leukocytosis in the peripheral blood 
was observed under the action of hippophain. The 
absolute number of neutrophils per 1 mm? of the blood 
increases by 70% in comparison with the initial level 
(without any shift to the left) whereas the number of 
lymphocytes is slightly reduced. 
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On account of the contamination of the earth's 
surface with long-lived products of uranium fission 
(sr, cs!" , and Ce) as a result of the testing of nu- 
clear and thermonuclear weapons, the problem of the 
migration of radioactive isotopes along various biologi- 
cal chains has taken on great importance [3, 5~— 8]. 

Radioactive isotopes that fal] to the earth's surface 
are incorporated into the general cycle of materials 
and quickly enter living organisms [1 ~ 3, 5, 6, 8, 11— 
15}. An object of particular concern is sr®, which has 
marked biological activity [10]. Studies of the accumu- 
lation of sr®° in living organisms under conditions of pro- 
longed intake from the surrounding environment have 
been relatively few in number, the majority having been 
made on small laboratory animals, So, for example, 
Comar, Whitney, and Lengemann [12]showed in experi- 
ments on rats that calcium is absorbed from the gastroin- 
testinal tract to a greater extent than Sr®° (3,6 times 
greater), and accumulates to a greater extent in the fe- 
tal skeleton (5,1 times), 

We have conducted an investigation on domestic 
animals (ewes). In this article we present the results of 
a study of the migration of sf along the biological 
chain plant-to-sheep-to-fetus. 


METHODS 

The experiments were performed on 12 adult (2 — 
4 years old) pregnant ewes, from which 23 fetuses were 
obtained weighing 200 — 300 g apiece. Over a six- 
month period the ewes were fed hay containing Sr’. 
The specific activity of the hay was about 0.04 »C/kg 
weight. Six months after the experiment began, the 
animals were sacrificed. The content of Sr™ and stable 
calcium was determined in the skeletons of both the 
ewes and the fetuses (fetal ages 3-4 months). Samples 
for the measurement of radioactivity with an end-type 
counter(mass of mica window 2-3 mg/cm") were 
prepare... irom the ash that remained after incineration 
of the bones in a muffle furnace (at 500°). Weighed ali- 
quots of the bone ash were transferred to special alumi- 
num disks 38 mm in diameter. The activity of the 
samples was measured after radioactive equilibrium was 
established between Sr™ and its radioactive dau ghter 


isotope y™, and generally not less than 21 days after 
the animal was killed. 


RESULTS 


The data are presented in the table. Examination 
of the data shows that six months after the start of the 
experiments the concentration of radioactivity in the 
bones of the ewes (0.263 C/kg weight) was approxi- 
mately five times as high as in the hay (0.05 pC/kg 
weight), and 14.6 times as high as in the fetuses (0.018 
uC/kg weight). This observation is in complete agree- 
ment with the results of studies made by E. B. 
Kurlyandskaya, N. L. Beloborodova, and E. F. Baranova 
[4], and by A. A. Rubanovskaya and V. F. Ushakova [9], 
with small laboratory animals. According to these au- 
thors’ data, the concentration of Sr” in the skeletons of 
rabbits and rats borne by mothers that had been fed Sr® 
and Sr” for a long time during pregnancy was only one- 
tenth as high as that of the mothers. 

If the radioactivity is calculated per gram of Ca 
rather than per unit weight of bone, the Sr’ concentra- 
tion of the fetal skeleton differs less strikingly from 
that of the mother. 

In this case, as the table shows, the relative con~ 
centration of Sr” in the maternal skeleton (0.00131 
uC/g Ca) is only 2.3 times as great as that for the fetus 
(0.000565 yC/gCa). These data indicate that the skele- 
ton of the mother "protects" the fetus from excessive 
entry of Sr™ into it. 

It is worth noting that as Sr” migrates down the 
biological chain plant-to-ewe-to-fetus, the concentra- 
tion of radioactive material (if we express the data in 
uC/g calcium) goes down. Thus, for example, the sr” 
concentration (in ,C /g of calcium) in hay is 4.73 times 
as great as in the bones of the mother, and 10.9 times 
as great as in the bones of the fetus. These observations 
indicate that in the transport of sr” along the biological 
chain, discrimination occurs between Sr” and calcium. 
The discrimination coefficient shows how far the concen- 
tration of Sr” per g calcium is reduced in the wansfer 
from one step in the food chain to another. It is im- 
portant to know the discrimination coefficients in order 
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Characteristics of the Migration of Sr” from Plants to the Skeletons of Animals and 


to Fetal Skeletons Via the Placenta _ 


Material compared 


Radioactivity of food due to Sr™ (in uC/kg of hay) .... 


Fetus weighing 


Pregnant ewe 200-300 g 


0.05 


Concentration of Sr (in C/kg wet weight of organ) in 


bones six months after start of experiment 
Concentration of calcium (in g/kg): in hay 
in bones 


Concentration of Sr™ (in uC/g Ca) in hay consumed by ewes 
Concentration of Sr” (in C/g Ca) in skeleton 


0.2634 0.03 0.0182 0.005 
= — 
200 31.8 
0.0062 = 
0.00131 0.000565 


Ratio of Sr” concentration (in uC/ g Ca) in hay to that in 


skeleton 


Discrimination coefficient for the chain hay-to-bone 0.21 


4.73 10.9 
0.091 


Note: The discrimination coefficient is the ratio of the Se” concentration(in uC/g Ca) in the 


skeleton to that in hay. 


to calculate the possible content of Sr” in foodstuffs and 
in human bones. The discrimination coefficient for the 
chain plant-to-maternal bone is roughly 0.21, and for 
the chain plant-to-fetal bone, about 0.091. These 
figures correspond rather well to the results of studies 
made by other authors on small laboratory animals (3, 
11, 12]. These studies show that the discrimination co- 
efficients for the transfer from food to bone are 0.57, 
0.35, and 0.20 for rats, mice, andrabbits, respectively, 
From the data we have been considering here we may 
conclude that the discrimination coefficient is not very 
species-dependent. 

The presence of a discrimination coefficient or 
protection coefficient (the inverse of the discrimination 
coefficient) different from unity indicates that the me- 
tabolism of Ca and Sr, two alkali-earth elements that 
are similar in their chemical properties, is not complete- 
ly identical, despite their tendency to concentrate in 
bone tissue and their similar types of distribution, In 
this connection it should be remembered that during pro- 
longed intake the accumulation factor (the ratio of the 
content of the element in the whole skeleton to the daily 
intake per os) is different for the three alkali-earth ele- 
ments Ca, Sr, and Ra™, which are selectively absorbed 
in the the skeleton; its value is 1000, 45, and 20, respec- 
tively, for these elements {7}. The problem for subse- 
quent investigations will be not only to determine the 
magnitudes of discrimination coefficients and protection 
coefficients for various steps in biological chains, but al- 
so to discover the mechanisms underlying the differences 
in distribution of elements that are similar in chemical 
properties, 


SUMMARY 
When pregnant sheep are fed radioactive hay with 
a specific activity of 0.05 yC/kg body weight for a 
period of six months, the concentration of Sr” in the 
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skeleton reaches 0.263 ,, C/kg. This concentration is 
14.6 times as high as the concentration in the skeleton 
of the fetus. During Sr” migration within the biological 
chain, discrimination occurs between Sr” and calcium. 
Discrimination coefficients for the chains plant-to- 
mother and plant-to-fetus are 0.21 and 0.091, respec- 
tively; the protection coefficients, which are the recip~- 
rocals of the discrimination coefficients, are 4.37 and 
10.9, respectively. 
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There have been too few studies of the regenerative 
capacity of the salivary glands, and the data obtained by 
different authors are quite contradictory. It is thought 
that the submaxillary gland regenerates well [3, 5, 6, 7, 
8], while the parotid gland has poor regenerative capa- 
city (2, 4]. According to a widely held opinion, the re- 
covery of either type of gland occurs through branching 
of the duct, with the formation of atypical, functionally 
imperfect glandular tissue. Some authors, taking a differ- 
ent view of the capacity of these glands to regenerate, 
have been guided solely by the size of the newly formed 
part of the gland. In the regenerated submaxillary gland 
this part occupies a greater area, according to available 
descriptions, than it does in the parotid gland. In the 
latter, the branching of the duct was so slight in experi- 
menis on dogs [4] and cats [2] that the authors questioned 
the capacity of the parotid to regenerate, 

In a study of the parotid gland of the guinea pig 
[1] we found that the part of the gland formed as a re- 
sult of atypical branching of the duct does in fact occu- 
py a small area (at most 1/6) in relation to the area of 
the whole gland. We concluded, however, that the paro- 
tid possesses excellent regenerative capacity, since after 
removal of a large part of the gland its weight returns 
completely to normal, as a result of an increase in the 
size of the part that remains, which retains its normal 
structure for the most part, Thus, regeneration of the 
parotid gland of the guinea pig, like that of many other 
mammalian organs, comes about by regeneration hyper~ 
trophy — in this case, proliferation of the secretory cells 
of the acini over the entire organ, and not just near the 
site of injury. This proliferation ensures an increase in 
mass in a gland with normal structure, and this increase 
is the main mechanism by which the gland's weight is 
restored. Atypical branching of the duct is not of great 
importance in the regeneration of the organ as a whole. 
It might be supposed that the disagreement between our 
data on the mode and origin of salivary gland regenera- 
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tion and the data of other authors depends on the fact 
that they adhered to classical concepts of the course of 
regeneration from the injured surface and paid most of 
their attention to that. Besides, other papers contain no 
quantitative account of the restoration of the mass of 
the organ, or of data on the dimensions of the region 
with atypical structure, which is evidently why the pro- 
cesses of regeneration hypertrophy escaped the authors’ 
attention. But it is not impossible that the difference in 
results was caused by our use of a different species of 
animal from the one used by other authors, and by the 
fact that parotid rather than submaxillary regeneration 
was studied. 

The present investigation was intended to show 
whether recovery by regeneration hypertrophy is pecu- 
liar to the salivary gland of guinea pigs or is a property 
of the salivary glands of other animals as well. 


METHODS 

As the object of this investigation, we used the 
parotid gland of the white rat, which is histologically a 
serous gland, like the parotid of the guinea pig, but is 
more compact and has a distinct connective tissue cap- 
sure. Two series of experiments were performed. In 
the first series we used 64 rats weighing from 60 to 100 g; 
in the second series we studied 14 adult rats weighing 
from 140 to 180 g. In all experiments, regeneration 
was studied after complete removal of the left parotid and 
extirpation of most of the right one. This arrangement 
was dictated by the need for obtaining results on rats 
that could be compared with the results of our experi- 
ments on guinea pigs. The importance of removing the 
contralateral gland is still not completely clear, since 
processes of compensatory hypertrophy do not occur in 
the salivary glands [7, 9, 10]. In the second series of 
experiments the animals were divided into two groups. 
In one group the capsule was sutured together after part 
of the gland'was removed; in the other group only the 





TABLE 1. Changes in Body Weight and Parotid Gland Weight in Rats with the Left 
Parotid Gland Removed (Supplementary Control) 


Wt. of rat Weight of gland \Wt. of rat Weight of re- 
at end 


at start removed 


No. of 
rat 


gy | (mg) |) 


62 32 0,516 


67 40 0,597 | 
78 «€©|)—~—6l(39—Ci«SY|:Sts«OO 
8 | 38 0.441 | 
92 4l 0,440 
wo | (4t 0.410 | 
| 


muscle and skin were sutured, The animals in the first 
series were sacrificed two months after the operation; 
those in the second series, 1 months after the opera- 
tion. The glands were weighed, fixed in 10% formalin, 
and subjected to the usual histological treatment. Seri- 
al sections were stained with Gomori's stain and with 
hematoxylin and eosin. 
RESULTS 

First series. Young, rapidly growing rats were used 
in these experiments. In order to differentiate growth 
from regeneration, we sacrificed normal rats of the 
same age as those in the experiment at the beginning 
and the end of the experiment (there were seven rats 
in the initial control group, and 15 in the final one). 
Besides this, an additional control was set up to enable 
us to observe changes in body weight and gland weight 
in single animals. From the rats in this group we re- 
moved only the left parotid, leaving the other intact. 
This series was performed because of the published data, 
mentioned earlier, suggesting that processes of compen- 
satory hypertrophy are absent from salivary glands. 

According to the weight data from the initial and 
final controls, the difference in weight between the 
right and left parotid glands was insignificant; in the 
initial control it was not more than 4 mg, or 9. Over 
a two-month period the body weight of the control rats 
increased by 97% on the average, and the weight of the 
parotid gland increased by 74%. This lag in the weight 
gain of the gland as compared to the body weight gain 
has the result that the relative weight of the organ has 
a tendency to decrease with age (from 0.474 to 0.427%). 
A similar pattern appeared in the supplementary control 
(Table 1): while the body weight increased 134% on the 
average, the weight of the gland increased by only 103%, 
resulting in a reduction of the relative weight from 
0.484 to 0.415% during the two-month period. But the 
relative weight of glands in the rats of the supplemen- 
tary control was no greater than that in the final control. 


jof expt. eee | relative con |absolute |relative 


s) 





Weight gain 
oe. 


maining gland 


| (%) rat gland 


| (mg) 


174 =| ~~ BU | 0.459 | 180 150 
166 73 | 0,439 | 147 82 
163 70 0,429 | 108 72 


218 99 0,454 153 160 
209 74 0.354 | 124 80 


194 69 0.355 | 194 168 


0.415 | 134 | 102 


This agrees with published data concerning the absence 
of pronounced compensatory hypertrophy in salivary 
glands. Data obtained on the control animals show 

that the animals’ growth is accompanied by an increase 
in organ weight, during the two-month period, of rough- 
ly 74— 103%. Since the weight of the glands in the 
experimental animals increased more during the same 
length of time, the difference must be attributed to 
restorative processes. 

Analysis of the results obtained in the first series 
of experiments reveals that in individual rats the reac- 
tion to trauma was different, to judge from the change 
in the weight of the resected gland and the histological 
structure of these glands. On this basis the experimen- 
tal rats can be divided into four groups. 

In the rats of the first group (eight animals) the 
gland weight fell sharply during the experimental period 
The lumina of the acini of these glands were markedly 
enlarged as a result of flattening of the secretory epi- 
thelial cells. The nuclei of the epithelial cells were 
pycnotic. The gland had completely lost its specific 
form and had taken on the form of a system of excretory 
ducts, such as is characteristic for atrophying glands. 
The weight of the glands in rats of the second group 
(five animals) did not change during the experiment — 
that is,together with the weight of the removed portion 
it was approximately equal to the weight of the gland 
that had been removed intact. Degenerative changes 
were not so pronounced in these glands as in the previous 
group; the gland had not lost its specific form. In the 
animals of the third group (16 rats) the gland weight 
increased during the experiment, but this increase was 
either parallel with the gain in body weight or only a 
little greater. In the fourth group (Table 2) there were 
seven rats whose glands either weighed as much as those 
of the controls or else gained weight much faster than 
body weight increased in the experimental animals. It 
can be seen from Table 2 that with an average of 69% 
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TABLE 2, Changes in the Weight of theParotid Gland in Animals of the Fourth Group 
in the First Series 


we, of rat | Weight of glands Weight of regenerated 
| removed (mg) | Wt. of rat | gland 


‘intact left portion of | atendof | ator 
” expt. (8) | gland ight gland | expt. (g) | (%) 


No. of at start of 


| n { | | 

7 ' 13 | 2! 181 56 309 

92 | 40 ‘ 970 OF | 351 
992 36 | 187 } _ 358 
98 34 2 171 95 321 
99 40) ‘ 205 4: . 209 
itt 53 26 269 f , 359 
112 53 : 20} Oo 274 


42. 27, 912 ll 


TABLE 3. Changes in the Weight of the Parotid Gland in Animals of the First and 
Second Groups of the Second Series 


Portion /Wt. ofrat Wt. of regenerating gland 
Wt. of wt. of |atend of "ee ale WY eg ae 
gland re- | glandre- expt. (g) | absolute (mg) relative (%) 
moved(mg)| moved 

| (mg) 


First group 


17 | ‘ 0,117 
194 | ; 0.206 
| 477 : 0,180 
| 194 2 0,149 
187 | 0 149 


| 


5.4 | 184 | ‘ 0, 160 


| 


Second group 


| 

204 | 
169 
195 | 
192 | 
195 | 
| 

| 


| 


Control 


Right Right 


234 | 55 0,234 
210 | 73 0.347 
-_ ) oe Pa 0,389 
235 65 | 0.276 


222 | 8, f 0.311 0.327 





of the mass of the gland removed, the remainder grew 
240% while the body weight increased only 120%, where- 
as in the control group, on the other hand, the gland 
gained weight somewhat more slowly than the body as 

a whole. 

On the basis of these calculations, the presence of 
parotid gland regeneration cannot be questioned, al- 
though in several cases it cannot be considered complete, 
since complete restoration of its weight was not observed 
and the mean values of the absolute and relative weight 
are 80.1% and 72.8%, respectively, of the mean weight 
of glands of control animals at the end of the experiment. 
At histological examination it was found that in the 
glands of rats in the third group, which were mainly nor- 
mal in structure, there were regions of marked vacuoli- 
zation of the protoplasm of secretory epithelial cells, 

In the fourth group of rats, the glandular tissue has 
little to distinguish it, with the stains used, from the 
glandular tissue of control rats; it retains the variations 
in the dimensions of nuclei in the secretory epithelium, 
in the size of the acini, and in the number of secretory 
cells constituting an acinus, that are characteristic of 
parotid glands in the rat. The regenerating gland differs 
from the normal in that it has a small connective -tissue 
scar, and in some cases (as in the third group) a very 
narrow strip of glandular tissue of atypical structure at 
the site of amputation. Even in those cases where such 
regions of atypical structure are present, they occupy an 
insignificant fraction of the area of the section (a few 
percent), so that they do not appear to play any major 
role in the increase in gland weight. This increase re- 
sults from proliferation of the cells of the secretory epi- 
thelium (regeneration hypertrophy), as is indicated by 
the normal histological structure of the great bulk of 
the gland, the absence of atypical branching of the duct 
in several regenerated glands whose weight was close to 
that of the glands in control animals, and the large num= 
ber of mitoses in the secretory cells (2.3 mitoses per 
thousand cells), which remained for as long as two 
months after the operation in some instances. In the con- 
trol glands the number of mitoses did not exceed 0.6 per 
thousand cells. 

Second series. The results of the first series of ex- 
periments showed that regeneration of the parotid gland 
of young rats can occur, but restoration occurred in only 
19% of the cases, i. e., in a much smaller number of 
cases than with guinea pigs. We conjectured that the 
presence of a distinct connective tissue capsule in rats 
might have an effect on salivary gland regeneration. 

To test this hypothesis, we did not suture the capsule 
after the operation in some of the animals of the second 
series. In addition, in the second series we set out to 
determine whether regeneration of the parotid can occur 
in sexually mature rats growing more slowly than young 
rats. The results of these experiments are shown in 
Table 3, The difference between the two groups of ani- 


mals was distinct. In the cases where the capsule was 
not sutured (second group), the increase in the weight of 
the resected gland 14 months after operation was greater. 
The increase in gland weight among animals in the first 
group was insignificant. The differences between the 
two groups of the second series were statistically signifi- 
cant (P = 0.01). As in the first series, in individual rats 
of the second group complete recovery of the entire 
traumatized organ occurred after removal of 50% of 
the gland; but the mean value of the relative weight 
was also somewhat below that for the control animals, 
being 82% of the latter. Upon histological examination 
of the regenerated glands, data were obtained that were 
similar to those described for the fourth group of rats in 
the first series. Thus, in rats, as in guinea pigs, regen- 
eration of the parotid gland occurs by regeneration hy- 
pertrophy, but in contrast to guinea pigs, growth from 
the injured surface with the formation of atypical gland- 
ular tissue is much less marked. 

SUMMARY 

Parotid gland regeneration was studied in rats in 
which all of the left gland and part (50 ~ 60%) of the 
right had been removed. In young rats weighing 60 — 
100 g, regeneration occurred in 19% of cases, as judged 
by the restoration of the weight of the organ. The 
weight of the glands did not always reach the initial 
level, however, and averaged 80% of the weight in con- 
trol animals. 

The number of cases with gland regeneration in- 
creased in adult rats when the capsule was left open 
after the operation. Histological investigation showed 
that regeneration does not occur by growth starting at 
the injured surface, but rather by the proliferation of 
the secretory epithelium (regenerative hypertrophy) of 
the acini over the whole organ. 
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It is known from numerous observations that in the 
tissues around a wound defect the number of cell divi- 
sions increases greatly, to an extent which depends on 
the size of the wound inflicted and the species of experi- 
mental animal, But the question of the 24-hour rhythm 
of mitoses in tissues during wound healing has been very 
inadequately studied, and the available data are contra- 
dictory. 

Blumenfeld [8] investigated the 24-hour rhythm of 
cell division in the epidermis during healing of skin 
wounds in rabbits. Each animal received six wounds at 
intervals of four hours. Mitotic activity was studied on 
the seventh day of wound healing. On the basis of the 
data so obtained Blumenfeld concluded that in the epi- 
dermis of a healing wound in the rabbit, there is a 24- 
hour rhythm in mitotic activity, the mean number of 
mitoses being twice as great in the regenerating epider- 
mis as in the normal skin. Bullough and Laurence [9] 
showed that if six small radial wounds are made simul- 
taneously on one ear of a mouse, mitotic activity in the 
epidermis next to the wounds is greatest on the third or 
fourth day of regeneration. They were not able to de- 
tect a 24-hour rhythm in the mitotic activity. The de- 
sign of these experiments; which involved making sev- 
eral wounds in each animal, merits critical examination, 
since other data indicate that a regeneration process in 
one part of an organism has an effect on mitotic activity 
in other tissues even those at a distance [3]. 

The disagreement in the published data concerning 
a 24-hour rhythm of mitotic cell division in regenerat~ 
ing tissues led us to carry out the present investigation. 
We set ourselves the problem of finding out, first, how 
the level of mitotic activity in the epidermis changes 
from one period to the next during the healing of skin 
wounds, and second, whether there is a 24-hour rhythm 
of cell multiplication in the epidermis adjacent to the 
wound defect, and in the regenerating epidermis — i.e., 
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in the cell layer that is forming a cover over the wound 
surface. 


METHODS 

Experiments were performed on 100 rats (male) 
weighing 150 g. A wound(3 X 8 mm) was made on the 
skin of the back at 9:00 AM. The skin was removed 
together with the subcutaneous connective tissue. The 
first eight skin biopsies removed were fixed for the pur- 
pose of studying mitotic activity in the normal epider- 
mis; a second group of biopsies (also eight in number) 
were fixed at 9:00 PM for the same purpose. For studies 
of mitotic activity during regeneration, skin biopsies 
were taken every six hours on the first, third, and fifth 
day, in such a manner that portions of both regenerating 
epidermis and epidermis adjacent to the wound were in- 
cluded (the dimensions of biopsies from each side of the 
wound were 5~ 7 mm). Mitotic activity was determined 
separately for each of these biopsies. Seven animals 
were used for each time period. The material was fixed 
in Zenker's solution and imbedded in paraffin. Sections 
7 in thickness were stained with hematoxylin by 
Karazi’s method. 


RESULTS 

The figure shows the changes in the mitotic coeffi- 
cient (MC) in epidermis adjacent to the wound at var- 
ious times of the day. At 9 AM (before the wound was 
made) the mitotic coefficient had a value of 4.9 per 
thousand, and at 9 PM this coefficient was 2.1 per thou- 
sand. 

Data obtained during the first day of the regenera- 
tion process show that at 3 PM, i.e., six hours after the 
wound was made, the number of cell divisions in the 
epidermis next to the wound had fallen considerably, to 
a level (MC = 1.6 per thousand) comparable to that 
observed in normal rat epidermis at the hours of lowest 
mitotic activity. At 9 PM, i.e., 12 hours after the wound 





was made, the level of mitotic activity was almost the 
same as it was in control animals at the same time of 
day. At 3 AM the number of mitoses had risen greatly, 
and it continued to rise until it reached a maximum at 
9 AM. The changes in the mitotic coefficient between 
9 PM and 3 AM and between 3 AM and 9 AM were 
statistically significant (P=0.0001 and P = 0.02). 

We have shown previously [1] that in the normal 
rat epidermis the 24-hour rhythm of cell division can 
be expressed by a curve with a single peak, with the 
maximum number of mitoses in the early hours (6 AM) 
and the minimum at 9 PM. In our experiment the mito- 
tic activity continued to increase during the first day of 
the regeneration process until 9 AM. This increase in 
the number of mitoses toward the end of the first 24 
hours of the regeneration process can be explained by a 
compensatory increase in mitotic activity in response to 
inhibition of this activity. 

At the beginning of the third day of regeneration 
(9 AM) mitotic activity in the epidermis adjacent to the 
wound was not significantly different from what was ob- 
served at 9 AM in the normal skin. The change in the 
mean MC during the interval between 9 AM and 3 PM 
also was not significant. After 3 PM we noted a reduc- 
tion in the number of mitoses, but this reduction was not 
significant (P = 0.16). Then, after 9 PM the level of mi- 
totic activity in the old epidermis increased so sharply 
that at 3 AM of the third day of regeneration we were 
able to establish the largest number of mitoses, differ- 
ing significantly from the number at 9 PM (P = 0.0001). 
At 9 AM at the end of the third day of regeneration we 
observed a fall in the number of mitoses to a value, like 
that at 9 AM at the beginning of the same day, only a 
little greater than in the normal epidermis. The change 
in the MC between 3 AM and 9 AM was statistically sig- 
nificant (P = 0.001). Therefore, on the third day of 
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Change in the MC in Regenerating Epidermis on the 
Third and Fifth Days of Healing of Skin Wounds 
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healing the epidermis adjacent to the wound is charac- 
terized by the presence of a 24-hour rhythm of cell mul- 
tiplication that takes the form of a curve with a single 
maximum of the number of mitoses at 3 AM and a mini- 
mum at 9 AM. 

Atg AM, at the beginning of the fifth day, the le- 
vel of mitotic activity in the epidermis was a little high- 
er than at the same time in normal skin; but statistical 
analysis indicated that this difference was not significant 
(P = 0.04). Starting at 3 PM, the number of mitoses in 
the epidermis decreased, reaching a minimum at 9 PM, 
The difference in the number of mitoses between 3 PM 
and 9 PM was statistically significant (P = 0.002). At 
3 AM the level of mitotic activity reached the highest 
point, and was significantly different from the level at 
9 PM (P = 0.001). The reduction in the number of mi- 
toses by 9 AM at the end of the fifth 24-hour period was 
considerable, but not significant (P = 0.04). It follows 
that on the fifth day of the regeneration process the epi- 
dermis next to the wound is also characterized by the 
presence of a 24-hour rhythm in cell multiplication, 
but the total level of mitotic activity is somewhat lower 
than on the third day of healing of skin wounds. 

What sort of mitotic activity takes place in the re- 
generating epidermis? Since epithelization of the 
wound surface did not occur on the first day after the 
wounds were made, we began examining mitotic activi- 
ty on the third day. On the third day of regeneration, 
we found tongues of regenerating epidermis under the 
scab, growing in from the margins of the old epidermis. 
But the regenerating epidermis covers only about one 
third of the whole surface of the wound at this time. 

On the fifth day the degree of epithelization of the 
wound surface is different: in some cases epithelium 
covers half the surface of the wound, while in others 
complete epithelization of the wound surface is seen. 
No consistent changes are seen in the number of mitoses 
in the regenerating epidermis at different hours of the 
day on the 3rd-5th day of regeneration, In other 
words, we have not been able to detect a 24-hour rhythm 
of cell multiplication in regenerating epidermis. We 
can only point out that the number of cell divisions on 
the third day of healing of skin wounds (mean MC = 6.1) 
is a little higher than on the fifth day (mean MC = 4.4; 
see table). 





In view of work that has been done on reactive inhi- 
bition of mitoses [6] the impréssion may have been 
created that the level of mitotic activity in the animal 
organism is quite labile. It is true that in most cases 
such inhibition is of short duration, and the number of 
cell divisions quickly returns to normal. But the situa- 
tion is somewhat different with the 24-hour rhythm of 
cell multiplication, in connection with which one might 
speak of a certain stability. To eliminate the 24-hour 
rhythm of mitoses or obtain an inversion of the rhythm, 
certain experimental conditions must be met [10]. 

We would like to call attention to the maintenance 
of the 24-hour rhythm of mitotic activity in the case of 
traumatic regeneration. Thus, for example, we have 
shown [3] that if a burn is produced on one cornea of 
the rat, the 24-hour rhythm of cell division is maintained 
in the other cornea, The 24-hour rhythm of mitotic ac- 
tivity also is seen distinctly in the liver of rats and mice 
after partial hepatectomy [5, 11]. 

Our results agree with those of Blumenfeld [8] con- 
cerning the presence of a 24-hour rhythm of mitotic ac- 
tivity in the epidermis during healing of skin wounds. 
But he examined the progress of regeneration in rabbit 
epidermis on the seventh day only, when the process of 
epithelization is over. 

Our data on the absence of a 24-hour rhythm of mi- 
totic activity in regenerating epidermis are of interest. 
V.N. Dobrokhotov [3] has also noted that in regenerat~ 
ing epidermis the level of mitotic activity at all periods 
during the healing of skin wound is almost the same as in 
the epidermis of normal skin, which agrees with the re- 
sults of our experiments on the 3rd-5th days of 
regeneration, 

Results similar to ours, though not directly con- 
cerned with the 24-hour rhythm, were obtained by G,A. 
Kovaleva [4], who showed that the response of regenerat- 
ing tissue to stimulation of the animals with an electri- 
cal current is different from that in the adjacent epi- 
thelium: whereas a marked depression is seen in the 
rate of cell division in the epithelium adjacent to the 
wound (cornea, tongue), in the regenerating epithelial 
layer reactive inhibition is almost absent (tongue). At 
the end of the regeneration process the reactivity of the 
epithelium becomes normal. 

The difference that we found between the levels of 
mitotic activity on the third and fifth days of regenera~ 


tion appeared only at the time of the maximum number 
of cell divisions (3 AM), for the most part. A similar 
phenomenon has been reported by other authcers [2, 7, 
12). For this reason, it is recommended that materials 
be fixed in the early morning hours to obtain more clear- 
cut differences between experimental and control groups. 


SUMMARY 

Observations revealed that cell multiplication fol- 
lows a 24-hour rhythm in the epidermis adjacent to a 
skin wound on the rat's back. The greatest differences 
between the mitotic activities at different stages of 
wound healing (on the first, third, and fifth day of 
regeneration) were observed at the time when the num> 
ber of cell divisions was maximal, i. e., in the early 
morning hours. No 24-hour rhythm was seen in the mi- 
totic activity of regenerating epidermis directly over 
the wound. 
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In experimental studies of changes in the male 
sexual apparatus under the influence of estrogens, only 
a few authors have given particular attention to the 
spermatic tracts. Atrophy of the epithelium in the epi- 
didymis and in the vas deferens has been described. 
Edema of the mucosa [1] and hypertrophy of the fibro- 
muscular tissue [4] have also been reported; the latter, 
however, is not always observed, and depends on the 
period of sexual activity. T. Martins and J. R. Valle 
[2] found that estrogen in vitro enhances the motor ac- 
tivity of the vas deferens. H, Burrows [1] found scattered 
instances of planocellular metaplasia with keratiniza- 
tion in the epididymis in mice. Great interest attaches 
to the report of Vazquez-Lopez concerning two in- 
stances of a small carcinoma of the epidymis and one 
case of hyperplasia of the head of the epididymis occur- 


ing in hamsters as a result of prolonged treatment with 
estrogens. Unfortunately, the author [3] did not give 
data on the histological examination 
METHODS 

Observations were conducted on rabbits weighing 
2—-2.5 kg. All the animals were injected subcutaneous- 
ly with hexestrol in a 2% solution in oil at the rate of 
0.45 ml per animal (0.009 g of hexestrol) three times 
a week. In the first series (24 animals) the duration of 
the experiments was from 3 to 311 days, hexestrol being 
injected regularly until the end of the experiments. In 
the second series (17 animals) hexestrol was injected for 
the first three months, after which the injections were 
stopped so that the regression of hexestrol-induced 
changes could be studied. The experiments lasted for 
from 30 to 464 days after the injections were stopped. 
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Fig. 1. Focal proliferation of epithelium with atypical keratinization 
in tubules of the tail of the epididymis. Experiment on 71st day of 
hexestrol administration (total amount injected, 0.279 g). Stained 
with hematoxylin and eosin. Ocular 4, objective 8. Magnification 


250 X. 





For the histological examination, tissue biopsies were 
fixed in 10% formalin, imbedded in celloidin-paraf- 
fin, and stained with hematoxylin and eosin and with 
van Gieson's stain. In some instances, staining with 
toluidine blue by the method of Gram, Mallory, and 
Heidenhain was also employed. Various portions of 

the spermatic tracts and testes were subjected to exami- 


nation. 
RESULTS 

Under the influence of hexestrol, atrophy develops 
in the testes during the first 2-3 months; spermato- 
genesis stops, and tie cells of the spermatogenic epi- 
thelium degenerate, along with some of the Sertoli cells; 
the convoluted seminiferous tubules diminish markedly 
in size. In the stroma, the number of interstitial cells 
increases. Testicular atrophy continues as long as hex- 
estrol is injected. 

Increasing signs of atrophy are also observed in 
various divisions of the spermatic tract during this pe- 
riod. It is only in the tubules of the rete testis, whose 
structure is very simple, that no perceptible changes 
occur. The cilia disappear from the ductuli efferentes 
testis, and the stereocilia from the tubules of the duc- 
tus epididymidis. The epithelium becomes smooth, 
and the cells decrease in size. The excretion of secre- 
tory granules stops. In the lumen, there is a decrease 
in the number of spermatozoa and desquamated cells 
of spermatogenic epithelium; the diameter of the tubu- 
les is reduced. In the vas deferens and the ejaculatory 


duct there is also a reduction in the size of the epithe- 
lial cells and a contraction of the lumen. In some cas- 
es one sees a considerable amount of karyorrhexis of 

epithelial cells in the ductus epididymidis and the am- 
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Keratinization and desquamation of epithelium in tubule of the 


Fig. 2. 


pulla of the vas deferens; in the ampulla and the ejacu- 
latory duct edema is also found, and a moderate infil- 
tration of the stroma and epithelium with lymphocytes 
and pseudoeosinophils. In the tubules of the taii of the 
epididymis, mild proliferation is observed here and 
there, and thickening of the epithelial layer without 
definite differentiation. 

"In two cases (after 71 and 180 daysywe found mul- 
tiple small foci of an unusual type of stratified squa- 
mous epithelium with atypical keratinization in the 
tubules of the ductus epididymidis, in the region where 


it passes over into the first part of the vas deferens (Fig. 


1). In the early stages of development these foci are 
limited proliferations in the form of intraepithelial 
nests of tiny cells with a small amount of basophilic 
protoplasm and a dark round nucleus. These cell clus- 
ters protrude into the lumen. A layer of dedifferen- 
tiated cells of pre-existing epithelium frequently re- 
mains over them, Later, a palisade-like layer of cells 
with a slightly elongated form appears at the base of 
the cluster. Mitoses are found in these cells. In the 
central and upper layers of the epithelial cell prolifera- 
tion, the cells become larger and the protoplasm lighter, 
while the nuclei become pycnotic or undergo karyor- 
rhexis, As a result the cells change into non-nucleated 
lamellae forming stratified layers. Some of these are 
stained shades of blue-violet with Gram's stain. In the 
tubule membrane proper, mild lymphocytic infiltration 
is often noted near the epithelial proliferations. 
thelium with mitoses in individual cells. In the same 
experiment, focal proliferation of stratified squamous 
epithelium with atypical keratinization was found in the 
ampulla of the vas deferens, but in two other experi- 
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tail of the epididymis. Experiment on 50th day after termination of hex- 
estrol administration, Stained by van Gieson’s method. Ocular 4, objec- 


tive 8. Magnification 250 x. 
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Fig. 3. 


Desquamated keratinized sheets in tubules of the tail of the 


epididymis. Normal differentiation of epithelium, Experiment on 
270th day after termination of hexestrol administration, Stained by 


van Gieson’s method. Ocular 4, objective 8. 


After the injections of hexestrol are stopped, the 
atrophy and collapse of the convoluted tubules in the 
testes remain for several months, But by the end of 
the second month infrequent mitoses appear in the epi- 
thelial cells. In some animals mitoses appear in large 
numbers after four months, while in others proliferation 
occurs later. After eight months spermiogenesis is 
restored, the convoluted tubules grow to their normal 


size, and the number of interstitial cells decreases. 
In the spermatic tracts, pronounced atrophy and collapse 


of the tubules remains for a long time. But after 5-6 
months the epithelium gradually becomes thicker, and 
mitoses are encountered infrequently in the epithelial 
cells; after seven months cilia appear in the ductuli 
efferentes; after nine months stereocilia are seen in the 
ductus epididymidis, and the lumen of the ducts is 
filled with spermatozoa and desquamated epithelial 
cells. The ampullae of the vasa deferentia are marked- 
ly dilated, and the epithelium becomes flat as it under- 
goes histological accommodation. In the ductuli effer- 
entes one often encounters multiple small intraepithe- 
lial cavities as late as 54 months; these are the result 
of cell degeneration. In one experiment 50 days after 
hexestrol injections were stopped, stratified squamous 
epithelium with keratinization and desquamation of 
cells was found (Fig. 2). In other parts of the duct we 
encountered regions of thickened epithelium with indi- 
cations of vertical anisomorphism, but with pycnotic 
nuclei and desquamation of individual cells, and at the 
base of the layer there was differentiation of the epi- 
ments (at 30 and 270 days; Fig. 3) desquamated corni- 
fied sheets and scales were found in the lumen of tu- 
bules in the tail of the epididymis; the wall of these 


Magnification 250 x. 


tubules was covered with epithelium consisting of one 
or two rows of cells. These changes in the condition of 
the structures of the multilayered flattened epithelium 
enable us to say that the epithelial metaplasia is of 
temporary and transient character. 


SUMMARY 

The author studied the changes that occur in the 
spermatic tract of rabbits during and after the.adminis- 
tration of hexestrol. Under the influence of hexestrol 
administration lasting for from 3 to 311 days, atrophy 
of the epithelium occurs along with partial collapse of 
various portions of the duct system, as well as edema 
and moderate cellular infiltration of the distal portion 
of the duct system. Metaplasia of the epithelium into 
the stratified squamous type, with atypical keratiniza- 
tion, was observed in the distal portion of the ductus 
epididymidis in 5 out of 41 animals; in one rabbit the 
ampulla of the vas deferens was also involved. From 
two to seven months after the cessation of hexestrol 
administration (which was continued for three months 
in this group) a slow restoration of specific differentia - 
tion occurred. The dependence of atrophic and regene- 
rative changes in the vas deferens on similar changes in 
the testes is emphasized. 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 
FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 

I Kh N 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci-Tech Press 

All Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 

State Universit, 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen, and Inorganic Chemistry (N. S. Kurnakov) 

Soil Science Inst. (Acad. Sci, USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 

Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 

Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 

Central Scientific and Technical Laboratory 

All-Union Academy of Agricultural Sciences 

All-Unior. Institute of Helminthology 

All-Union Institute of Experimental Medicine 

All-Union Institute of Plant Cultivation 

All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad. Sci. USSR) 


Notes Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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RUSSIAN JOURNALS FREQUENTLY CITED 
[Biological Sciences] 


Abbreviation* 


Agrobiol, 

Akusherstvo {1 Ginekol. 
Antibiotiki 

Aptechnoe Delo 

Arkh. Anat. Gistol, i Embriol. 


Arkh. Biol. Nauk SSSR 

Arkh, Patol. 

Biofizika 

Biokhimiya 

Biokhim, Plodov i Ovoshchei 
Bot. Zhur. 

Byull. Eksptl, Biol. i Med. 


Byull. Moskov. Obshchestva Ispytatelei 
Prirody, Orde! Biol. 

Doklady Akad, Nauk SSSR 

Eksptl. Khirurg. 

Farmakol, i Toksikol. 

Farmatsiya 

Fiziol, Rastenii 

Fiziol. Zhur. SSSR 


Gigiena i Sanit. 
Izvest. Akad. Nauk SSSR, Ser. Biol. 


Izvest. Tikhookeanskogo N. L Inst. 
Rybnogo Khoz. i Okeanog. 

Khirurgiya 

Klin. Med. 

Lab. Delo 

Med, Parazitol. 

Med, Radiol. 

Med, Zhur. Ukrain. 

Mikrobiologiya 

Mikrobiol. Zhur, 

Nevropatol., Psikhyat. 1 Psikhogig. 

Ortoped., Travmatol, {1 Protez. 

Parazitol. Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinol. 1 Gormonoterap, 


Problemy Gematol. 


Problemy Tuberk. 
Sovet. Med. 

Sovet. Vrachebny Zhur. 
Stomatologiya 


Journal* 


Agrobiologiya 

Akusherstvo i Ginekologiya 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii 1 Embriologti 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologti 

Biofizika 

Biokhimiya 

Biokhimiya Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Byulleten Eksperimentalnoi Biologii 1 Meditsiny 


Byulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentainaya Khirurgiya 

Farmakologiya i Toksikologiya 

Farmatsiya 

Fiziologiya Rastenii 

Fiziologicheskii Zhurnal SSSR im. L M. 
Sechenova 

Gigiena i Sanitariya 

Izvestiya Akademii Nauk SSSR, Seriya Biologi- 
cheskaya 

Investiya Tikhookeanskogo N. I. Instituta 
Rybnogo Khozyaistva i Okeanogra fii 

Khirurgiya 

Klinicheskaya Meditsina 

Laboratornoe Delo (po Voprosam Meditsiny) 

Meditsinskaya Parazitologiya i Parazitarnye Bolezni 

Meditsinskaya Radiologiya 

Medichnii Zhurnal Ukrainskil 

Mikrobiologiya 

Mikrobiologichnii Zhurnal 

Nevropatologiya, Psikhyatriya i Psikhogigiena 

Ortopediya, Travmatologiya i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriya 

Pochvovedenie 

Priroda 

Problemy Endokrinologii i Gormonoterapii 


Problemy Gematologii i Perelivaniya Krovi 


Problemy Tuberkuleza 
Sovetskaya Meditsina 
Sovetskii Vrachebnyi Zhurnal 
Stomatologiya 


* BRITISH-AMERICAN TRANSLITERATION SYSTEM. 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Antomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

L M. Sechenov Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 

Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journal 

Stomatology 
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Abbreviation 


Terap. Arkh, 

Trudy Gelmint, Lab. 
Trudy Inst, Genet, 
Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst. Okean, 


Trudy Leningrad Obshchestva Estestvoisp, 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Trudy Vsesoyuz, Inst. Eksptl, Med. 


Ukrain. Biokhim. Zhur. 
Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biol. 
Vestnik Akad. Med, Nauk SSSR 


Vestnik Khirurg. im, Grekova 
Vestnik Leningrad, Univ. Ser. Biol. 


Vestnik Moskoy, Univ., Ser. Biol. i 
Pochvov. 

Vestnik Oftalmol. 

Vestnik Oto-rino-laringol. 

Vestnik Rentgenol. { Radiol. 

Vestnik Venerol, 1 Dermatol. 

Veterinariya 

Vinodelie i Vinogradarstvo 

Voprosy Klin. 

Voprosy Med, Khim. 

Voprosy Med. Virusol, 

Voprosy Neirokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologti 

Vrachebnoe Delo 

Zav. Lab. 

Zhur. Mikrobiol., Epidemiol. i 
Immunobiol. 

Zhur, Nevropatol, i Psikhiat. 


Zhur. Obshchei Biol. 
Zhur. Vysshei Nerv. Deyatel, 


Zool, Zhur. 


Journal 


Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriya 

Trudy Instituta Genetiki 

Trudy Instituta Gidroblologiya 

Trudy Instituta Mikrobiologiya 

Trudy Instituta Okeanologiya, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoyuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoyuznogo Instituta Eksperimentalnol 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiya 

Uspekhi Biokhimiya 

Uspekhi Sovremennoi Biologiya 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriya 
Biologii 

Vestnik Moskovskogo Universitera, Seriya 
Biologii 1 Pochvovedeniya 

Vestnik Oftalmologii 

Vestnik Oto-rino-laringologiya 

Vestnik Rentgenologii i Radiologti 

Vestnik Venerologii i Dermatologii 

Veterinariya 

Vinodelie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniya 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaya Laboratoriya 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrii imeni 
S. S. Korsakov 

Zhurnal Obshchei Biologiya 
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